





WEL mele 





Selection & use of 
metals, nonmetallics, parts, finishes, 


Tale duels Reon ame k-3-30e halts Mm aal-lalehi-lohaeiu- 


Hot Forjzed Parts 


M&M Manual 











HANS 


eS 


end tity RS 








The large weldment above is a 40-Ton Blank Holder for a 1000-Ton 
Press . .. this piece, and those illustrated at the left, are typical 
of thousands of Steel-Weld Fabricated parts and assemblies 
produced by Mahon for manufacturers of processing machinery, 
machine tools, and other types of heavy mechanical equipment. 
Are you taking full advantage of the possibilities offered by 
welded steel components in your product? In the design of almost 
any type of heavy machinery there are parts and sub-assemblies 
that can be produced more economically and more satisfactorily 
in welded steel, because, in weldments you get greater strength 
with less weight, plus the additional advantages of greater rigidity 
and predictability. If you are considering weldments, you can call 
on Mahon with complete confidence, because, the Mahon organiza- 
tion is a unique source for welded steel in any form... a reliable 
and responsible source with complete facilities for design engineer- 
ing, fabricating, machining and assembling ... a source where de- 
sign skill is supplemented by craftsmanship which assures you a finer 
appearing product embodying every advantage of Steel-Weld 
Fabrication. See Sweet's Product Design File for information, or, 
better still, have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY ©¢ Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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METALIQUI 2) 


Each of these problems was solved successfully with an Inco Nickel Alloy 
Can you tell which one proved to be the answer? 


Number the picture captions! © 


“S” Monel hard-grade 
nickel-copper cast alloy 


Inco Nickel 

















“K” Monel age-hardenable 
nickel-copper alloy 








Inconel nickel-chromium alloy 








Monel nickel-copper alloy 








Inconel “X” age-hardenable 
nickel-chromium alloy 








Monel “403” non-magnetic 
nickel-copper alloy 




















Oil well drill collar — Needed: Radar platform ‘“‘leggings’’ — 


Jet engine flame tube—Needed: 
non-magnetic metal with high Needed: resistance to abra- 


oxidation and corrosion resist- 




















See answers below 











Gas turbine blades — Needed: 
hot strength up to 1500°F., 
low coefficient of expansion. 

















strength. Which Inco Nickel 
Alloy... 


Submarine cable sheathing — 
Needed: non-magnetic metal 


* resistant to marine corrosion. 


sion and marine corrosion. 
Which Inco Nickel Alloy . . -9 








Ultrasonic drill— Needed: high 
magnetostrictive ability to 








produce ultrasonic vibrations. 








ance at jet engine temperatures. 
Which Inco Nickel Alloy... ? 


Shaft sleeve for salt water 
pump — Needed: extra-hard 
casting alloy that resists 


Which Inco Nickel Alloy... ? Which Inco Nickel Alloy... ? Which Inco Nickel Alloy... v4 corrosion. Which one... 9 


You may take this kind of quiz again... and soon! Your 
design may require a metal that resists corrosion ... or 
wear ...or high temperatures. Or one that meets some 
destructive combination of conditions. 


Then look into the Inco Nickel Alloys. First step: send 
for “Standard Alloys for Special Problems.” This fact- 


filled booklet describes the properties of many useful 
metals ... shows just the kind of problem each has solved. 
Write for a copy... do it now! 


*Trademark of The International Nickel Company, Inc. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


INCO, Nickel Alloys 
TRADE makk Monel* « “R” Monel* ¢ “K” Monel* « “KR” Monel* « “S” Monel* 


Inconel* ¢ Inconel “X”* © Inconel “W’’* © Incoloy* * Incoloy “T’’* 
Ni-o-nel * Nimonic* Alloys * Nickel* Low Carbon Nickel * Duranickel* 


Oil well drill collar: 3. ‘‘K’’ Monel 

Radar platform “‘leggings’”’: 5. Monel 

Jet engine flame tube: 4. Inconel 

Gas turbine blades: 6. Inconel ‘‘X’’ 
Submarine cable sheathing: 7. Monel ‘403" 
Ultrasonic drill: 2. Inco Nickel 

Pumps’ shaft sleeve: 1. ‘‘S’’ Monel 


For more information, turn to Reader Service Card, Circle No. 
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Wilt pew ‘on MATERIAL 


..- AT A GLANCE 


A BETTER TITANIUM SHEET ALLOY than presently available is the aim 
of a series of tests now being performed on an alloy containing 

vanadium as a major constituent. This new material is one of 
ae many being developed under the government titanium sheet program. 
sad 


EVALUATING CRACKING TENDENCY OF A WELDED JOINT is possible witha 
new hot tensile testing machine. A welded sample is first melted, 
then allowed to solidify, after which a series of tensile tests 
are performed at temperatures descending from the metal's melting 
point. The usual method has been to test the welded sample at 
ascending temperatures. 





oo LOW COST REINFORCED PLASTICS may result from an inexpensive bonded 

? mat containing scrap natural and synthetic fibers, including 
wool. The bonded mat costs about 1l¢ per lb, compared to 60¢ 
per lb for glass-reinforced mats. Such mats can reinforce 
polyester, phenolic, urea, vinyl and acrylic resins. Mechanical 
properties of such laminates, though somewhat lower than those of 
conventional laminates, are sufficient for many applications. 





MAGNESIUM ANODES are being used on a 13,000-ton oil tanker to 
prevent rust and crust from forming on the vessel's metal hull. 
A 19-in. plastics-encased magnesium anode is bolted to the 
ship's hull to form a closed circuit between the metal hull 
and sea water. 


A NEW MATERIAL THAT SCRATCHES DIAMOND has been developed. Cubic boron 
nitride is thought to be about as hard as a diamond, since each 





ater will scratch the other. It withstands temperatures of more than 
vn 5500 F, compared with a maximum of around 1600 F for diamonds. Still 
? under development, the material appears promising for use in 


machining and grinding hard materials. (More details next month. ) 
a CHEAP GRANULAR IRON is the aim of current experiments on direct reduction 
of ironore. Direct reduction inveives heating iron ores together 
with hydrogen or some other reducing gas to remove oxygen from the 
ore. Three processes are being studied; two use hydrogen as the 
reducing agent and the third uses a mixed gas derived from natural | 
gas. : : a 


IMPROVED COLORFASTNESS OF NYLON is possible with a new process for 
dyeing filament nylon yarn. Nylon thus dyed can be safely washed 
at temperatures of 160 F — in some cases up to 212 F — whereas 
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® 
120 F°was previously considered the maximum for safe washing of 


colored nylon. 


A FLUORINATED POLYESTER ELASTOMER has been developed as a fuel resistant 
rubber for applications in the temperature range of -—65 to 500 F. 
This is one of the many elastomers being studied by the Air Force 
for use in air weapons; others include modified silicones, inorganic 


polymers and other fluoroelastomers. 
a 


HIGH PURITY IODIDE CHROMIUM is now available in experimental quantities. 
The new material, prepared by a process developed at-Battelle 
Memorial Institute, is extremely ductile and corrosion resistant. 
(More details next month. ) 


A NEW HIGH STRENGTH, CAST STAINLESS ALLOY has high ductility even at a 
hardness of 300 Brinell, in addition to tensile strength of 140,000 
psi and yield strength of 100,000 psi. The material has excellent 
corrosion resistance, including good resistance to hot oxidizing 
acid solutions. It also has good welding, machining and grinding 
characteristics. (More details next month. ) 

od 

INJECTION MOLDING OF THERMOSETTING PLASTICS is now*possible witha 
modified injection molding machine. The machine is designed to 
keep the temperature of the feed system at a minimum So that the 
molding material does not set up before injection. 


INTRICATELY SHAPED PASSAGES IN CASTINGS are possible witha new sheatheda- 
tube method of coring. Developed for aluminum and magnesium sand 
castings, the method uses a preformed metal ‘tube sheathed ina 
flexible refractory sleeve. After molding, the tube is dissolved 
out by a ehemical agent and the sleeve is removed, leaving a clean 
unlined passage. 


EVALUATING MATERIALS AT TEMPERATURES UP TO 6000 F is sanethte with a new 
solar furnace. The basic component of the furnace is a 60-in. 
parabolic mirror which has a hard facing on its reflecting surface. 
Temperatures can be regulated to meet the needs of indivicual 
research programs. 


GOLD PLATED GLASS WINDSHIELDS may be used to keep the sun's heat out of 
automobiles. The windshields, coated with a thin film of pure 
gold, reflect infrared rays and permit "cooler" wave lengths of 
light to pass through the glass. oe 


TITANIUM SHUMSER BLADES no thicker than ordinary camera film witk be 
used in cameras to achieve shutter speeds heretofore impossible. 
Titanium will be used because of its unique combination of 
strength, lightness and corrosion resistance. — 
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BRIEFS 


Tough Whiskers 
A pure annealed iron whisker 
recently withstood a tensile stress 
of 1,900,000 psi before fracture. 
The whisker measured 0.000,000,- 
004 sq in. in cross section and 0.1 
in. in length. 


Ducks That Dunk 

Weather resistant butyrate plas- 
tic ducks bob their heads in and 
out of water just like real ducks. 
The life-like ducks are operated 
from a shooting blind on a 414-v 
battery. 


Old Scroll Revived 

A copper Dead Sea Scroll believed 
to be 2000 years old was restored 
by coating it with a resin, then 
baking it in an oven. The hard- 
ened coating made the powdery 
copper scroll tough and permitted 
it to be cut open without falling 
apart. 


Roses and Channel 5 Too 

An aluminum device 32 in. wide 
and 72 in. tall can be used as a 
trellis and a television antenna at 
the same time. It can be covered 
with roses and vines with no in- 
terference to TV reception. 


Bottoms Up? 

A ski 5 ft wide and 16 ft long 
acts as a landing device on Navy 
patrol bombers in Antarctic serv- 
ice. Made of composite aluminum 
alloy and steel, the skis can be 
raised to permit landings on 
either wheels or skis. 


Irish Blackboard 

A green “blackboard” made of 
reinforced plastics does not squeal 
under chalk as traditional slate 
blackboards do, 











Do you get the same performance 
from every lot of BRONZE you buy? 


iia ; Bs 
aks 
~~ | . ‘ 


























If you buy bronze from Federated, you can be sure that you'll 
get exactly what you've ordered...that you will get the same 
performance out of each lot. 


Every single heat of bronze or brass made by Federated under- 
goes rigorous spectrographic or chemical testing. Alloys that do not 
exactly meet specifications are never sold. 


Moreover, you'll get exactly the same SAE, ASTM or Military 
Specification bronze every time, whether you buy daily, weekly, or 
just once in a while. Your customers know exactly what to expect 
from their castings. Your ability to produce castings of identical 
quality year after year will bring you business. 


Quality control at Federated is under the supervision of trained 
metallurgists, and you pay nothing extra for the advantages this 
quality control brings you. 


A Federated field man will be in to see you soon. Talk to him 
about metal quality. It will benefit you. 








Saud Mila & 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway + New York 5, N.Y. 


In Canada: Federated Metals Canada, Ltd., Toronto and Montreal 


For more information, turn to Reader Service Card, Circle No. 513 
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Mallory Gyromet:.. 


the Alloy for Future Gyroscopes 


Gyromet—a new gyroscope material having higher tensile 
strength and greater elastic limit, will: 


Rotate at Greater Speeds 
Gain Greater Momentum 
Give Increased Accuracy 
Provide Added Safety 
Machine Readily 





130 




















° \ Further Miniaturization 
nN se 
_ oe Here is a brand new product of Mallory powder-metallurgy 
e A research—designed for applications yet to come. If this 
= ‘ opens a path to your research problems—ask for further 

a information on Mallory 1000 Gyromet, Bulletin 6-15. 
2 If your needs are not so critical as to require the advanced 
- %" ID features of Gyromet, look into the features of Mallory 1000 
° —the alloy which has set today’s standards for counter- 
oO v4 balance and rotational inertia problems. 

\ 

O \ *Trademark 
© 
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o Permissible rotation speeds within the 
elastic range of Mallory 1000 Gyromet 
& rotors of various outside and inside 
diameters. Proportional elastic limit— 
62,000 psi. 
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110 Industry Street, Toronto 15, Ontario 


In Canada, made and sold by Johnson Matthey and Mallory Ltd., Expect mMmoOre ..«: get more from 





















Serving Industry with These Products: /R. MALLORY & CO. Inc 





Electromechanica! — Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 





Metallurgical — Contacts * Special Metals * Welding Materials 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


For more information, turn to Reader Service Card, Circle No. 381 
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New 

and interesting 
applications 

of engineering 
materials 








Fix junction boxes before (left) and after (right) 











protective rubber coating is applied. 


Sprayable silicone rubber 
protects high-impedance circuits 


A new sprayable self-curing silicone rubber is 
used to protect vital high impedance circuits in 
Northrop Aircraft’s guided missiles. After elec- 
tronic panels in circuits are equipped with resist- 
tors, capacitors, transistors, etc., they are simply 
sprayed with rubber at about 100 psi air pressure. 
The material, supplied by Dow Corning Corp., cures 
rapidly at room temperature and is claimed to 1) 
cushion vibration at low temperature, 2) provide 
maximum moisture resistance, 3) improve electrical 
properties of the panel, especially surface resistiv- 
ity, and 4) protect the assembly from rough han- 
dling. 

An individual componet can be easily inspected 
by simply slitting the rubber coating and removing 
the unit. After the component is replaced, the slit 
is patched with the same material. 





Filter assembly is potted with silicone rubber. 
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Expandable aluminum truck 


This strange looking vehicle is actually 
a conventional 14-ton aluminum truck which 
has been expanded to over five times 
its original dimensions. Powered by elec- 
trically operated hydraulic and chain drive 
mechanisms, sides of the trailer telescope 
outward, accordion-folded floors drop into 
place and, in a matter of minutes, floor 


Armco Steel Corp. 


MATERIALS & METHODS 
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Aluminum Co. of America 


dimensions change from 35 x 8 ft to 30 x 26 
ft—from 150 to 780 sq ft. 

According to Gerstenslager Co., the 
manufacturer, this truck will find extensive 
use in the armed forces as a field hospital, 
kitchen, radar station, etc. Altogether, 12 
tons of aluminum are used in the form 
of extrusions, sheet, plate and castings. 


Wrought stainless 
replaces cast iron 


By switching from cast iron 
(left) to 304. stainless steel 
(right), Boston Machine Works 
Co. realized substantial reductions 
in both cost and weight on the 
vaporizer cups it manufactures for 
use in oil burners. The cost re- 
duction was 35%—from $1.36 to 
$0.88, and the weight reduction 
was 90%—from 5 to 1% lb. The 
stainless steel cup is made by 
drawing and punching, welding 
on a machined stainless spud, and 
beading. 











































































here are vulcanized, not electrocuted. 


Plastics-clad aluminum 
for three point landing 


Reinforced plastics team up with alu- 
minum to meet the need for a light- 
weight, high strength bearing surface on 
pistons which can withstand the severe 
service requirements of shock-absorbing 
struts in aircraft landing gear. 

The pistons, which are aluminum cy]- 
inders with a layer of thermosetting re- 
inforced plastics applied to the bearing 
surface, not only provide great strength 
at low weight, but eliminate corrosion, 
resist attack by lubricants or hydraulic 
fluids, resist scoring by dirt or dust 
particles, and eliminate metal-to-metal 
contact. In addition, considerably less 
maintenance is required. 

Designed by Cleveland Pneumatic Tool 
Co., the pistons are made by wrapping 
phenolic- impregnated cotton fabric 
around the knurled surface of a cylinder 
of 2024-T4 aluminum until the desired 
thickness is obtained. The fabric, sup- 
plied by Synthane Corp., is then poly- 
merized under heat and pressure to pro- 
duce a_ solid plastics sleeve securely 
bonded to the aluminum cylinder. 


Catalin Corp. of America 


Trap is easily emptied by tipping open the pivoted flocr. Mice shown 





Landing gear 
right) Douglas C-124 main gear, Boeing B-50 main gear and Doug- 
nose gear. 


Mice get ‘chair’ 
of metallized plastic 


Admiration Plastics Co. has come up 
with a better mousetrap. The trap is 
actually a “hot seat’—a cage consisting 
of a high impact polystyrene dome and 
floor, both coated on the inside with an 
electrically conductive zinc film. When 
the attached electrical cord is plugged 
into a circuit, the interior of the cage is 
connected to one pole, the floor to an- 
other. The unsuspecting mouse, search- 
ing for food, inevitably completes a cir- 
cuit from floor to wall, thereby electro- 
cuting himself. This bloodless purge of 
mice is claimed to be more efficient than 
the older, more brutal techniques. 

The metallizing process, of doubtful 
interest to the mouse, represents an im- 
provement over previous techniques in 
which plastics tended to melt under the 
heat of the molten metal. Although de- 
tails of the technique are not available, 
the company claims that through careful 
masking and temperature control, the 
molten zine can be sprayed on without 
damaging the plastic. 


Close-up of plastics- 
clad aluminum piston 
and bearing. 


using the aluminum-plastics pistons include (left to 






































Lightweight structure of aluminum and plastics ... 


... makes skylight easy to transport and install. 











Metal + plastics = 
lightweight skylight 


The skylight of metal and plas- 
tic shown here is claimed to be the 
largest of its kind. Manufactured 
by Marco Co., the skylight is pre- 
fabricated and preassembled into 
a unit which measures 9 x 20 ft, 
but weighs only 280 lb. The sup- 
porting frame is a_ wing-type 
structure consisting of extruded 
aluminum channel truss members 
heliarc welded to a_ perimeter 
frame. Fiberglass-reinforced poly- 
ester sheets, curved to a 12-ft 
radius, are placed over the frame 
and held with extruded aluminum 
retaining members. 

The lightweight unit is easily 
hoisted to the roof, placed on pre- 
pared curbs and fastened with 
wood screws driven through pre- 
punched holes. 
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High impact strength...Low heat loss in... 














. Posts, roof bows and floor 
channels made of Strick Lami- 
cor® from glass- reinforced 
RCI POLYLITE polyester resin. 
Not a single case of fatigue 
failure in two years of over- 
the-road testing. 






































. Ceiling lining and shear sheets 
made by Strick from POLYLITE 
and glass cloth or mat lami- 

nates up to 50” x 100”. 
































. Translucent skylights of very 

high impact strength Lamicor 
made of polyester resin with 
45% glass reinforcement. 












































. Corrugated side linings (with 
orwithout slotted edges) made 
of fibrous glass-reinforced 

POLYLITE. Strick offers these 

panels with either vertical or 

diagonal corrugation. 


































































































. Lining panels made of Strick 
Lamiclad® from POLYLITE and 
plywood laminates have ex- 
cellent impact and cleaning 
properties. 










































































. Strick all-plastic trailer doors 
4” and 6” thick made of rein- 
forced POLYLITE resin in sizes 

up to 44” x 106”. 








































































































7. Door framing made by Strick 
of reinforced POLYLITE in 
shapes up to 110” long. 


Trailer components made by STRICK PLASTICS 
from RCI POLYLITE RESINS 


@ For two important reasons the Strick Plastics Division In small parts or something as big as a whole trailer PoLYLITE 
of Fruehauf Trailer Company, Perkasie, Pa., makes a construction can offer you advantages, too. Do you want light- 
wide range of trailer components from RCI PoLyLitE weight strength ? Durability ? Easy maintenance? Bright built-in 
polyester resin. colors or translucence? Write to RCI about PoLy.ire for your 
products. Ask for Booklet A. Reichhold Chemicals, Inc., RCI 
Building, White Plains, N. Y. AZ 


Creative Chemistry . .. Your Partner in Progress Ri el 
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First, the strength-weight ratio of these reinforced 
polyester parts is superior to both aluminum and steel. 
Second, the K-factor of heat loss through these plastic 
components is a small fraction of that for aluminum or 
steel. This advantage is especially important in reefer 


“— REICHHOLD 
In “reefers”, plastic components also eliminate the 






danger of cargo spoilage from wood stringers that have VISIT THE RCI EXHIBIT BOOTHS 338-340 
become rotted, pest-infested or odor-contaminated. PACIFIC COAST | 
Plastic parts made with PoLYLITE resin do not rot or PLASTICS EXPOSITION | 
attract pests. They are durable and easily cleaned. Kato’ 

At RCI we have three lightweight, plastic trailers that = SH 2 MARCH 15-21,1957 
were made for us by Strick. Entire exterior, interior x SHRINE EXPOSITION HALL, LOS ANGELES 


and all structural members of these insulated vans are 
made of reinforced RCI Poy ite polyester resin. 





For more information, turn to Reader Service Card, Circle No. 453 
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Stalwart 

silicone parts 
are solving more 
and more 
engineering 
problems for 


more and 








Vj more products 















































Specially recommended 
for high and low 
temperature 
applications 


Silicone rubber parts by Stalwart are 
solving problems every day ... and 
costs are being cut too! 


Time and again, Stalwart Engineers 
have and will replace costly metal 
constructions forced on design engi- 
neers because of the limited thermal 
stability of organic rubbers. 


Stalwart is prepared to produce pre- 
cision parts from a variety of Silicone 
rubber stocks to meet your individ- 
ual specifications. These parts will 
retain rubber-like properties at tem- 
peratures from —130° to +600° F. 
They will have excellent dielectric 
properties and resist compression set, 


Write today for 
catalog No. 56-SR-3! 


TALWART =. 


d, io and 


RUBBER COMPANY Jasper, Georgia 
165 Northfield Rood © Bedford, Ohio 165 Northfield Rd. 
Bedford, Ohio 


For more information, turn to Reader Service Card, Circle No. 398 
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Nickel silver alloys 
To the Editor: 


I have read with considerable interest your 
manual in the December issue of MATERIALS & 
METHODS entitled “Nickel Silvers.”” Such articles are 
extremely helpful to engineers concerned with mate- 
rials problems. However, it is to be regretted that 
you did not see fit to include the 56.5-12 nickel silver 
alloy (ASTM B 122, Alloy No. 8) which was devel- 
oped as a replacement for the higher nickel 55-18 
alloy. 

Our published data show that the 12% alloy can 
be and is used in place of the 18% alloy with conse- 
quent savings of strategic nickel—a highly impor- 
tant matter today. Similarly the 65-18 alloy (ASTM 
B 122, No. 2) can be replaced with an alloy contain- 
ing only 10% nickel. Such reductions in nickel con- 
tent without impairment of useful engineering prop- 
erties should be encouraged by widespread publicity 
in articles such as yours, 


GEORGE R. GOHN 
Bell Telephone Laboratories 
New York, N. Y. 


There are at least 25 variations in composition in 
the nickel silvers; space limitations prevented dis- 
cussing all of them. Although we are aware that the 
56.5-12 alloy is included in the ASTM standards, it 
was not listed as a stock alloy by the producers who 
supplied information for the manual, nor is it in- 
cluded in the Copper & Brass Research Assn. Stand- 
ards. However, we certainly agree that use of lower 
nickel alloys, where feasible, should be encouraged. 


Engineering aides 
To the Editor: 


I was very much interested in the inquiry by 
Raymond Rosenberg regarding engineers’ aides, and 
also in your reply (Nov ’56, p 14). 

Courses with a terminal objective of engineers’ 
aide or technician have been conducted in New York 
State, and particularly in New York City, for a 
number of years. These courses are at high school 
and post high school levels. 

Courses at high school level are conducted in 
vocational and technical high schools. They are four 
year courses. Students are selected on the basis of 
screening examinations and review of their school 
record. Some are classified as of above average in- 
telligence. In addition to general education subjects, 
their training consists of four years of mathematics 
and four years of applied science and laboratory 
work, as well as some shopwork. Teachers of tech- 
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creative engineering 
and production skill 


Whether it’s a new product 
or redesign of an existing 
product, die casting design 
problems find their solu- 
tion in Advance engineer- 
ing. With over 36 years 
of creative experience and 
production skill in alumi- 
num and zinc, there is 
good reason why Advance 
services are sought by man- 
ufacturers from coast to 
coast. 


We, at Advance, are proud 
of our nation-wide services 
in the production of alumi- 
num and zinc die casting 
components and are deter- 
mined to maintain our rep- 
utation. 


Next time, send your draw- 
ings to Advance for a die 
casting survey and cost 
estimate. 


These symbols are your 
assurance of highest 
quality control of 


zine and aluminum 
alloys under ASTM 
standards 


Coast to Coast 


FOR ZINC 
AND ALUMINUM 
DIE CASTINGS 
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TOOL AND DIE 
CASTING CO. 


3760 N. Holton St. 
” Milwaukee 12, Wis. 
Dept. M-] 


For more information, turn to Reader Service Card, Circle No. 362 
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nical subjects are recruited from the various eng 
neering fields. 

Courses at the post high school level are con 
ducted in the community colleges, formerly known 
as State Institutes. They are two year courses. 
Students are carefully selected; high school gradu- 
ation is required. Teachers are recruited from th« 
engineering field. 

Industry’s acceptance of these students has been 
somewhat spotty. We attribute it to the lack of a 
clear-cut definition on the part of industry as to 
what constitutes an engineering aide or technician. 

Is an engineering aide or technician a person 
who brings to the engineer certain skills and 
knowledges that may be learned in high school, or 
in a post high school institute, or is he a skilled 
mechanic who brings his knowledge and skill to 
supplement that of the engineer, or is he a combi- 
nation of both? 

In any case, I believe that local education would 
be most willing to work with industry to meet in- 
dustry’s needs through either a vocational technical 
program at high schoo] level or an evening exten- 
sion program for the skilled craftsman. 


WILLIAM D. KRAENGEL 
Coordinator, Evening Trade Schools 
New York, N. Y. 


We certainly agree with the need for clear cut defi- 
nitions of the abilities and functions of both the 
engineer’s aide and the technician. We would like to 
hear more from our readers on this subject and to 
do all we can to develop closer liaison between in- 
dustry and the schools. 


On behalf of ‘columbium’ 
To the Editor: 


Congratulations to you for your excellent edi- 
torial on columbium vs “niobium” in the November 
issue of MATERIALS & METHODs. 

I sincerely hope that the name columbium will 
continue to be used for element 41, for the reasons 
you gave and for many other good ones. 


H. G. TANNER 
Frederick, Md. 


Luminous window frames 


To the Editor: 

I know that a window frame made with a plas- 
tics material that can emit light is manufactured in 
the United States. 

Can you tell me the name of the manufacturer? 


ADRIANO C. DUCATI 
Newport Beach, Calif. 


We do not know a window frame manufacturer who 
produces a plastics frame that will emit light. Lumi- 
nous Resins, Inc., of Chicago, Ill. may be able to 
help. They produce phosphorescent polystyrene, 
polyethylene, polyvinyl chloride and acrylic molding 
materials. 
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In May it will pay 
to attend the Design Show 


May we suggest that you mark 
the week of May 20th on your 
calendar? It is the week of the 
second annual Design Engi- 
neering Show and Conference, 
and if you have anything to do 
with selecting materials and 
designing products we believe 
you will benefit by attending. 

The show and conference this 
vear will be held in the new 
Coliseum in New York- City 
and all signs point to an even 
bigger and better affair than 
last year. There will be twice 
as many exhibits in the show, 
and the technical conference 
has been expanded to cover 
three times as many subjects. 
The Show 

Though double in size, the 
exposition will follow the suc- 
cessful pattern set last year. It 
will be devoted exclusively to 
the interests and problems of 
product planners, designers 
and engineering men in the 
original equipment and other 
hard goods manufacturing in- 
dustries. Nearly half of the 
exhibits will display new as 
well as the older engineering 
materials, material forms and 





finishes. Technical specialists 
will be on hand to discuss with 
you specific problems and pos- 
sible applications of their ma- 
terials in your products. A 
wide range of mechanical, elec- 
trical, hydraulic and pneumatic 
components will also be ex- 
hibited. Clapp & Poliak, Inc., 
owner and manager of the 
show, expects that more than 
300 companies will exhibit. 
The Conference 

The Design Engineering Con- 
ference, to run May 20-22, will 
again be sponsored by the Ma- 
chine Design Division of the 
American Society of Mechani- 
cal Engineers, the program be- 
ing arranged by the editors of 
four leading publications in the 
design engineering field: MA- 
TERIALS & METHODS, Product 
Engineering, Machine Design 
and Electrical Manufacturing. 

A panel session on the first 
day of the Conference will ex- 
plore methods of developing 
profitable designs. On the other 
two days there will be three 
concurrent sessions covering a 
wide range of materials and 
design engineering subjects. 








Two of the sessions will be of 
particular interest to M&M 
readers, for they are planned 
to provide designers and engi- 
neers with information on the 
latest developments in engi- 
neering materials for product 
design. The papers will cover 
metals, plastics, rubber, ce- 
ramics and finishes. 
Awards, too 

Another important event will 
take place during the week of 
the Design Engineering Show. 
At a special dinner, the awards 
winners in the 1957 MATERIALS 
& METHODS Awards Competi- 
tion for Best Use of Materials 
in Product Design will be 
honored. This event will con- 
clude the first of what will be 
annual competitions —a pro- 
gram established to recognize 
outstanding applications of ma- 
terials in the design of indus- 
trial and consumer products. 

All in all the week of May 
20th will be a busy one, and we 
hope you will be in New York 
to take part in the activities. 
We feel sure you will find it 
well worth your time. 
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Typical carbon shapes used for bearings and seals are shown here. 


Carbon Bearings and Seals 


by R. L. Hibbard, Chief Engineer, Pure Carbon Co., Inc. 


Self-lubricating ability is one 
of the primary characteristics 
that makes carbons suited for use 
in bearings and seals. Other prop- 
erties of carbons used in design- 
ing bearings and seals include 
conformability, | compressibility, 
good compressive strength, ab- 
sence of creep and a relatively 
broad elastic range resulting in a 
large compressive strain at the 
elastic limit. 

The table on page 113 com- 
pares the properties of three 
grades of carbon with those of 
two metals and a ceramic. In a 
general comparison with other 
materials carbon has: 1) better 
conformability and a greater elas- 
tic limit than ceramics, 2) out- 
standing resistance to thermal 


shock, 3) an elastic limit in com- 
pression that is generally five to 
ten times greater than the elastic 
limit in tension, 4) a degree of 
strain at the elastic limit in ten- 
sion about comparable to that of 
east iron, 5) better machinability 
than ceramics, 6) truly elastic 
characteristics, i.e., it fractures at 
the elastic limit, and 7) compres- 
sibility, particularly important in 
press or shrink-fitted bearing 
sleeves since it permits the i.d. to 
remain constant under the ex- 
ternal pressure of the metal hous- 
ing. 

Specific properties of a mechan- 
ical carbon depend on the grade. 
There are many different grades 
of carbon, consisting of mixtures 
of various types of carbons and 
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various types of graphite. Grades 
impregnated with resins, metals 
or various organic compounds are 
also available; the impregnants 
enable them to perform under un- 
usual conditions of temperature, 
pressure, speed and environment. 
The proper grade of carbon to 
select is that one that will permit 
a self-regenerating, graphitic, in- 
terfacial layer to form at run- 
ning surfaces under the particu- 
lar service conditions encountered. 
After the proper grade has been 
selected, design must be such that 
frictional heat generation is bal- 
anced against heat removal rate 
to limit temperatures of running 
parts to the safe operating tem- 
perature of the particular grade 
and the metal parts used. 
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Today’s technology requires an increasing number 
bearings and mechanical seals that function where 
nventional lubrication is inconvenient, difficult or 
npossible. The following problems show how carbon 
can be used to simplify design where this lubrication 
problem exists. For each problem two possible design 
-glutions are shown: one with and one without carbon. 
Problem 1—Air turbine 
Design bearings and seals for an air turbine to be 
supplied with 600 F air which cannot be contaminated 
with oil. 
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Coo/air blow back 
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to lantern ring 
Oi/- force feed to 
Ol lantern ring | 
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= 
pecking Uj 
rings U; 
Vbdddbdbron ramen, 
Oil and air to pump 
Solution without carbon — Massive packing gland is 


required, probably with cold air blow-back to keep gland 
from overheating and prevent packing gland lubricant 
from entering turbine case. A secondary lantern ring 
supplied with force feed oil lubrication would probably 
be required. Ball bearings mounted outboard of packing 
gland might be used. 

Such a design is unwieldy, costly, heavy and subject 
to vibration problems due to long shaft overhang. It 
imposes additional requirements on the lubrication sys- 
tem, increasing weight and cost. 
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Solution with carbon — Select a high temperature 
resin-impregnated grade to form a carbon sleeve and 
thrust bearing, coupled with a mechanical seal. 

Entire structure is reduced in size, weight and cost 
and there is no possibility of oi] contamination of the air. 
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They can solve tough design problems 


Problem 2—dActuator 
Design a pneumatically operated actuator which 
will be used with 1000 F air or some equally hot 


process gas. 
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Solution without carbon — A stainless steel bellows 
with a cooled, external bronze guide bushing might be 
specified. Reliable lubricants have not been developed 
for use at this temperature range, so metal piston rings 
would be unsuitable because of galling; rubber, leather 
or plastics seals or boots would be destroyed. 


Carbon 
piston 
rings 
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Carbon guide bushing 


Solution with carbon — Use a pair of carbon piston 
rings and a carbon guide bushing, made of a special 
composition which will perform successfully at 1000 F 
under the load and speed conditions encountered in an 
actuator. Differences in thermal expansion between the 
metal and the carbon can be accommodated by properly 
fabricating and prestressing both the piston rings and 
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guide bushing so they will hug the housing. Proprietary 
carbon bushings of special design are available for this 
purpose, The prestress will be held in service or storage 
because of the lack of creep in carbon. 

Such a design is much more compact and lower in 
cost than the design with no carbon. 


Problem 3—Precision instrument 

Design precision instrument pivot bearings that 
maintain a high degree of accuracy under changing 
temperature conditions. 




















Jewel 


/nstrument bearing 


oil 


Solution without carbon — Jeweled bearings provide 
long life, but light special oils are used in many cases. 
Such lubrication can make the sensitivity of the instru. 
ment vary with temperature changes. Also, starting 
friction can be markedly different from running friction. 








bearing 


Solution with carbon — A carbon bearing, mounted 
in substantially the same way as the jeweled bearing 
requires no lubricant. It greatly reduces changes in 
sensitivity that occur with temperature variations, as 
well as magnitude of the difference between starting and 
running friction. 
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Be sure you conside 


Two distinct types of carbon bodies are wid 
used today: pitch coke-bonded lampblack and pit 
coke-bonded graphite. A newer development is i 
pregnated carbons, in which the carbon has been i: 
pregnated with resins, metals or various orgar 
compounds to permit it to perform under unusu 
conditions. 

Pitch coke-bonded lampblack consists of spheric 
particles of lampblack (10 to 100 millimicrons di: 
bonded together by a continuous skin of coke. Eac! 
microsphere of lampblack is thought to consist of a 
random aggregation of hexagonal platelets resemblin; 
the polycyclic structure of aromatic organic con 
pounds. 

Pitch coke-bonded graphite consists of relativel) 
large graphite platelets oriented in layers and sur- 
rounded by a continuous skin of pitch. In both lamp- 
black and graphite there are open spaces between th: 
solid components, and the structure is held together 
essentially by carbon-carbon bonds. The pitch coke 
skin surrounding and bonding the groups of particles 
together probably contains numerous fine cracks 
caused by shrinkage when the pitch is calcined to 
produce carbon. 

The microstructure of carbon offers a convenient 
explanation for several of its unusual properties. The 
fact that carbon bodies are elastic is explained by the 
fact that the solid particles are held together by 
elastic carbon-carbon bonds. Carbon-carbon bonds are 
elastic in bending, which accounts for the fact that 
carbon bodies are deformable. The air spaces be- 
tween the particles account for the fact that carbon 
bodies are compressible. The complete absence of a 
close-packed crystalline structure which can allow 
slippage between crystals, coupled with the elasticity 
of carbon-carbon bonds, explains the lack of creep. 
The high bond energy of carbon-carbon linkages also 
accounts for the exceptional refractory properties of 
carbon. And finally, the presence of tiny graphite-like 
platelets in the lampblack structure and the graphite 
lamina in the graphite structure help to account for 
the self-lubricating properties of the materials. 

If carbon bodies were not self-lubricating, they 
would find little use in mechanical applications. When 
carbon is run against a metal substrate, good con- 
formation is obtained between the metal and the car- 
bon after a brief “run in” period. The appearance of 
the metal surface is changed by the deposition of a 
thin gray to gray-black layer which, in many cases 
achieves a high polish. This film usually has an 
oriented layer which tends to fill in the low spots and 
coat the high spots on the metal surface. Surfaces 
rougher than a 16 to 32-microinch finish on the meta! 
may tend to file or grind the carbon, thus preventing 
deposition of the protective layer. The formation and 
continuous regeneration of this protective layer is an 
essential mechanism in the self-lubricating behavior 
of carbon bodies. 
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carbon’s unique properties... 


PROPERTIES OF CARBONS AND OTHER MATERIALS—A COMPARISON 








Carbon Carbon Carbon Stainless Super 
(soft (hard high | (resin or metal- Cast Iron Steel Refractories 
graphitized) coke) impregnated) (best) 
x Use Temp (in air), F 900 700 500-900 800 at 10,000 psi; 1100-no stress | 1200 at 10,000 psi| 3500 
ix Use Temp (neut or red. atm),F | 5000 5000 600-1600 800 at 10,000 psi; 1100-no stress | 1200 at 10,000 psi} 3500 
er cond, Btu/sq ft/hr/ft/°F 70-86 3-3.5 3-100 27 10.8 1.7-2.7 
ef of Ther Exp, per °F 1.50x 10° | 250x106  2.50-3.65x 10° | 5.9x 10-6 7.3 x 10-6 4.3 x 10-6 
Ten Strain at Elast Limit, in./in. 0.0021 0.0016 0.0006-0.0018 0.0013-0.0029 0.0031-0.0033 0.0061 
Compr Strain at Elast Limit, in./in. | 0.0168 0.0165 0.0084-0.0260 0.0059-0.0071 0.0031-0.0033 0.0061 
Elastic Modulus, 1000 psi 620 1430 1700-3223 13-21,000 27,600 | 52,300 
Tensile Strength, psi 1300 2300 2000-3100 18-60,000 85-95,000 | 35,000 at r.t.; 
18,500 at 2000 F 
Compressive Strength, psi 10,400 | 23,600 27-50,000 80-150,000 85-95 ,000 320,000 
Res to Thermal Shock Ex. Ex. Ex. Fair Ex. Poor 








a Will graphitize. 


In impregnated graphite bodies, presence of the 
impregnants enhances the formation of the self-lubri- 
eating protective layer, though the mechanism is noi 
well understood in all cases. Improvement is particu- 
larly noticeable when the carbon is running dry at 
temperatures over 200 F or in atmospheres deficient in 
water vapor and oxygen. Metals, resins and insoluble 
halide salts all have been found to prolong the life of 
carbon operating under such conditions. 


...and design correctly 


In many cases, though carbon parts can meet the 
specific design requirements, improper design may 
nullify the advantages of using the material. The 
designer or engineer should remember that carbon is 
not always size-for-size interchangeable with other 
types of bearings and seals. The following designs 
show poor and good use of carbon bearings and seals, 
and illustrate important applications of the material. 


Case 1—Dry high temperature bearings 
Speed: 2000 sfm 

Load: 30 psi 

Temperature: 1000 F (air) 








300 series 
housing 


300 series 


Stainless 
shoft 


Treated, oxidation 
resistant graphite 
bushing 


Poor—1. Press fit is used. There is not enough initial 
interference to take care of the difference in thermal 


expansion between carbon and type 300 stainless steel. 
Over this temperature range, interference required would 
be over 0.007 in. per in. dia—too much interference for 
a press fit. 

2. Initial clearance between carbon and shaft is only 
0.0005 in. on a %-in. dia shaft. As temperature of 
assembly approaches 1000 F, shaft expands enough to 
bind on bushing i.d., while housing i.d. expands away 
from bushing o.d. 

Result—Carbon bushing turns with shaft, generating 
enough heat due to poor fits, poor finishes and binding 
forces to damage the metal and even oxidize the carbon. 


Good—1. Utilizing carbon’s large permissible compressive 
strain and resistance to creep, bushing is shrink-fitted 
into housing with sufficient compressive prestress (due 
to interference) that bushing does not loosen even at 
1000 F. As assembly heats up, housing and bushing 
expand at same rate, permitting bushing i.d. to increase 
at about same rate as shaft o.d. 

2. Initial clearance between shaft and carbon bushing 
is made large enough (about 0.0015 in.) so that thermal 
lag between shaft heating and heating of bearing-housing 
assembly does not result in shaft expansion overtaking 
expansion of the bore of the bushing. 

Result—Successful operation. 


Case 2—Jet engine main shaft bearings 
Speed: 8000 sfm 














Hot -air 
Main 
4 7 engine 
Carbon shatt 
Support bushing 


Poor—1. Only a few grades of carbon will maintain 
low wear and prevent excessive heat build-up operating 
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at surface speeds of 8000 sfm and above. These grades 
operate best at loads below 20 psi—more often in the 
10 psi range. To provide such low loading, shaft bearing 
must be quite long. Relatively little radial play is per- 
missible on this type of shaft; hence, fit between carbon 
bushing and shaft might be on the order of 0.002 in. 
clearance. With such small clearance over length of long 
bearing, any bending or misalignment of the shaft could 
be disastrous. Also, such a small clearance would dictate 
use of a thin, flimsy bearing to insure rapid heat con- 
duction to housing. 

2. Even though coefficient of friction between shaft 
and carbon bushing may be only 0.10 to 0.05, such a 
bearing would be expected to absorb about 15 hp. To 
avoid overheating, a great deal of oil would have to be 
pumped through bearing. Consequently, seals would have 
to be installed at either end of bearing, further increas- 
ing length of assembly. 

Result—Oversize, inefficient assembly. 

















-_Carbon sea/ 
Rotating back face 


Good—Usual ball bearing, mechanical seal assembly 
handles speed-load requirements with normal amount of 
cooling and lubrication. Carbon seals, pressure-balanced 
for light face loads, separate bearing from engine gases. 


Result—Compact assembly and economical operation. 


Case 3—Wobble Plate for Rotary Piston Pump 


Speed: 2500 sfm 
Load: 500-1000 psi 


C..U&LHM!M}ff, 


Carbon 
cam plate 


Connecting-rod slipper 


Poor—There is no provision for cooling contact area 
between carbon cam plate and metal wear shoes. Tem- 
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peratures attained wculd be high enough to soften a) 
destroy metal surface. 
Result—Inoperative. 


Bleed hole to 
force fluid into 
bearing area 


Liquid to intake on cam plate 


Good—Small port through the center of the piston 
carries fluid pumped to surface of wear shoe. As pressure 
of fluid is increased on the pressure stroke, load between 
wear shoe and cam plate also increases. Simultaneously, 
fiow of coolant is increased by the increased fluid pres 
sure. 

Result—Relatively low cost, long life assembly. 





Do’s and Don’ts of Carbon Design 
Do 


1. Mount carbon in compression. In general, car- 
bons have about five to ten times the strength and 
compressibility in compression that they do in ten- 
sion. 

2. Calculate the effect that thermal expansion will 
have and allow for it in your design. 

3. Make sure that stresses in the mounting sys- 
tems are within the working limits of all materials, 
including the carbon. 

4. Estimate the amount of heat that will be gen- 
erated, using known loads and speeds and a conser- 
vative coefficient of friction, such as 0.15 or 0.20, to 
see whether or not you need cooling. 

5. Consult the carbon manufacturer for his 
recommendations on the proper grade or grades for 
your application, and obtain from him any data that 
you may need for design purposes. 


Don’t 


1. Try to interchange carbon bushings with other 
types of bushings or bearings without full considera- 
tion of the factors involved. 

2. Run rough shafts or thrust washers against 
carbon. Best success is obtained with finishes better 
than 10 rms. 

3. Design a large carbon thrust bearing for opera- 
tion under severe speed load conditions which require 
cooling without insuring a positive flow of coolant 
over the running surfaces. Relatively large bearing 
pad areas not containing numerous smal] oil grooves 
may overheat. 
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B® The advantage of hot work steels 
over conventional high strength 
steels for aircraft structures lies 
in their resistance to softening 
at elevated temperatures. The re- 
sulting structural stability over- 
comes the aerodynamic and engine 
heating effects occurring in high 
speed flight. Advantages of hot 
work steels for such applications 
have been discussed in a previous 


They look promising because of their 


Fig 1 gives the elevated temper- 
ture tensile and yield strengths 
of steel A bars obtained at-100 F 
intervals up to 1200 F. Fig 2 
gives the same information for A 


sheet. The data are shown for 


Strength, 1000 psi 


@ 
© 


Heat treated to 2/5 -245 ksi 
40 mame Hear treated to 180-200 ksi 


200 400 600 800 


Temperoture, F’ 


1000 


Fig 1— Tensile and 
strengths of steel A bars. 
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A further repre HOt Work Steels 
for Aircraft Structures 


by Edward A. Loria, Staff Metallurgist, Crucible Steel Co. of America 


article (M&M, Aug ’55, p 94). 

Two compositions, steel A and 
steel D, were discussed previously, 
but this article presents new data 
on properties at temperatures up 
to 1000 F. Steel E is included be- 
cause of its combination of high 
rupture ductility and creep rup- 
ture strength. 

Most aircraft parts are de- 
signed on a peak load basis; there- 


sheet and bar’ tempered _ to 
two different room temperature 
strength levels. Variation in bar 
size from 1 to 4 in. had little effect 
or. the strength of bars heat treat- 
ed to the 200,000 psi level. The 


A~ Sheet 


Tensile 5 treng 
"> 


Strength, |000 psi 


Heat treoted te 200-220 ksi 
mane Heat treated to (80-200 ksi 


200 400 600 2018) 


Temperature, F 


1000 


Fig 2—Tensile, yield strengths 


of steel A sheet (0.040 in.). 































1. Short time properties 


1200 





Mo 
1.38 


1.59 


eet ennnaneet 


5.14 





fore short time tensile properties 
at room and at elevated tempera- 
tures are investigated first. How- | 
ever, it is now becoming import- | 
ant to evaluate structural sta- | 
bility, 1. e., the effect of holding 
time at elevated temperatures on 
loss of strength at room tempera- 
tures. A number of specific appli- | 
cations also require knowledge of 
long time strength. 





curves in Fig 2 represent both 
longitudinal and tranverse prop- 
erties of 0.040-in. thick sheet. 
They illustrate the trend observed 
for sheet ranging from 0.032 to 
0.102 in. thick heat treated to the 
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Fig 3— Tensile and 


strengths of steel D bars. 
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International Nickel Co. 


Supersonic aircraft require materials that can withstand the extremely 
high temperatures resulting from aerodynamic heating. Plane shown here is 


Bell Aircraft’s experimental X-2. 


200,000 psi tensile level. 

Fig 3 shows the average ele- 
vated tensile properties of steel D 
bars heat treated at the 200-230,- 


000 and 230-260,000 psi strength 
levels. It was shown in the previ- 
ous article that this steel, when 
tempered at 1050 to 1300 F, has 


2. High temperature stability 


Room temperature tests show 
how well these alloys maintain 
their strength after various 
lengths of exposure to elevated 
temperatures. Table 2 gives room 
temperature data for steel A forg- 
ings (bar specimens) exposed to 
1000 F, probably the maximum 
service temperature for this steel. 


Tensile properties of steel A hold 
up beyond 10 hr, but deteriorate 
after 100 hr continuous exposure. 
Table 3 gives similar data for 
steel D exposed to 1100 F, prob- 
ably the peak service temperature 
for this steel. Steel D nearly 
maintains its room temperature 
tensile properties after 100 hr ex- 
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TABLE 1—ELEVATED TEMPERATURE 
TENSILE PROPERTIES OF 
STEEL E BARS; > 





Yield 

Temp-| Tensile | Strength | Elonga- | 

erature,| Strength, | (0.2% tion, | 
F psi | offset) % 

psi 


Redu 
tion 
in Are 





224,000 | 10 31 
193,000 10 33 
181,000 10 36 
165,000 | 10 32 


80 | 264,000 
600 | 233,000 
800 | 223,000 | 

1000 } 199,000 | 








a Bars austenitized at 1950 F for ™% hr, a 
cooled and tempered at 1050 F for 2 
hr to Re 51. 

b Composition: 0.32 C, 0.32 Mn, 0.59 
5.27 Cr, 5.18 Mo, 0.73% V. 


the highest resistance to softening 
of the steels discussed, and this ob- 
servation appears to correlate 
with elevated temperature tensile 
strength. Steel D heat treated to 
the 250,000 psi level maintains its 
strength to the same degree as 
steel A heat treated to 240,000 psi. 
At and above 1000 F, it is dis- 
tinctly superior to steel A in ten- 
sile and yield strengths. Between 
1000 F and 1200 F, D provides 
tensile and yield strengths rough- 
ly 5-12,000 psi higher than those 
of A; in effect, steel D extends 
the design limit for these steels 
to 1100 F. 

Like the other steels, steel E 
can be tempered to various 
strength levels. Oil quenching 
bars and forgings from 1950 F 
and double tempering at 1050 or 
1100 F for 2 + 2 hr has pro- 
duced Re 52 hardness together 
with good tensile and creep rup- 
ture elongation. Table 1 gives 
room and elevated temperature 
tensile properties for the 1050 F 
temper. Retention of strength up 
to 1000 F is excellent. 


posure at 1100 F. 

Thus, structural stability tests 
confirm the earlier observation, 
based on short time tests, that 
steel D’s_ service temperature 
range extends 100 F beyond that 
of steel A. Because of its higher 
carbon content, D has lower ten- 
sile ductility than A. 








‘ensile stability tests have also 
n made on A sheet (see Table 
= Exposure at 100 F lowers 
d strength to a greater degree 


lu ‘ 
ie , tensile strength. 
\re ‘steels that are highly resistant 
ZK softening at temperatures 
—- und 1000 F can naturally be 
1 e.pected to be quite strong at 
- se temperatures. The master 
Y tempering curves (for explana- 
= tion, see previous article) in Fig 
| | compare the hardnesses of steels 
D and E as they change with 
temperature (T) and time (t) of 
exposure. The differences in tem- 
pering characteristics of these al- 
ling loys are due to differences in the 
 Ob- alloying elements and in the ways 
late in which they are combined in 
isile each steel. The chart shows that: 
d to 1. For D and E, a higher aus- 
s its tenitizing temperature produces 
, as higher hardness at the higher 
psi. parameters. 
dis- 2. At low parameters, both of 
ten- these steels have curves that re- 
hog main essentially flat over a wide 
ides parameter range. This behavior 
agh- is presumably due to the forma- 
hose tion of different types of special 
ends carbides. 
teels 


3. The curve for A assumes a 
1 E negative slope more rapidly than 
the curves for D and E. 


10u8s a 
hing 4. Steel E softens with increas- 
0 F ing tempering time and tempera- 
0 or ture to a greater degree than D. 
pro- At this stage, it appears, the 
ther special carbides have completely 
rup- formed and they coalesce. 
rives Hardness is often used as an 
ture indicator of other mechanical 
% F properties developed by a temper- 
oF ing cycle. The master tempering 
curves suggest that D is superior 
to E or A in hardness and 
strength after a period of elevated 
temperature service. This supe- 
riority is evident, for example, at 
a parameter of 34,700, which cor- 
responds to tempering at 1000 F 
tests for 100 hr. The stability results 
tion, given in Tables 4 and 5 show that 
that D has higher tensile strength than 
ture A after these exposure conditions. 
that This comparison indicates a quali- 
gher tative relationship between room 
ten- ‘temperature hardness and tensile 


strength after extended exposures 


TABLE 2—TENSILE STABILITY OF STEEL A BARS:* 








Tensile Yield Strength Reduction in 
Exposure Heat*¢ Strength, (0.2% offset), Elongation, Area, % 
1000 psi 1000 psi % 

As Heat Treated K-L 207 186 15 45 
M 202 174 16 48 
1000 F for 10 hr K-L 197 176 16 45 
M 198 174 14 46 
1000 F for 100 hr K-L 182 158 15 46 
M 178 155 16 51 
1000 F for 100 hr K-L 178 156 16 45 
+1100 F for 10 hr M 168 148 17 50 








a Tested at room temperature. 
b Average properties given for heats K and L. Heats K-L: Bars of 1 in. square cut from 
4.2 x 8.5 in. section. Heat M: Bars of 1 in. square cut from 4.0 x 2.5 in. seetion. 


¢ Composition: Cc Mn Si Cr Mo V 
Heat K 0.38 0.36 1.05 5.12 1.32 0.33 
Heat L 0.38 0.41 1.05 5.01 1.33 0.32 
Heat M 0.38 0.34 1.06 4.90 1.36 0.33 


TABLE 3—TENSILE STABILITY TESTS OF STEEL D BARS: 








Tensile Yield Strength 
Exposure Heat»: ¢ Strength (0.2% offset), Elongation, Reduction in 

1000 psi 1000 psi XY Area, % 
As Heat Treated A-B 228 207 8.0 20 
C 222 201 10 30 
1100 F for 10 hr A-B 220 190 8.0 22 
C 216 198 9.5 27 
1100 F for 100 hr A-B 207 191 10 24 
C 200 180 10 30 
1100 F for 100 hr A-B 200 182 10 25 
+1200 F for 10 hr C 187 167 10 34 
1275 F for 15 min A 219 190 6.0 20 
C 204 187 ll 32 








a Tested at room temperature. 
b Average properties given for heats A and B (except at 1275 F), Heats A-B: Bars of 1 in. 
square cut from 4 x 8 in. section. Heat C: Bars of 1 in. round processed from 82 in. aquare. 


















c Composition: C Mn Si Cr Mo w V 
Heat A 0.55 0.35 0.31 1.46 1.75 2.63 1.33 
Heat B 0.53 0.32 0.25 1.37 1.55 2.79 1.33 
Heat C 0.53 0.30 0.35 1.39 1.58 2.74 1.40 
T T T | T T 
w 60r- om 
4 
€ _ D1 2/00F) 
: SN 01/950F) 
. D(2/00F) : are 
ile if E(/950F) NAS 4 
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Fig 4—Master tempering curves for steels A, D amd E. 
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at high temperatures. In general, 
each alloy has a characteristic 
temperature range in which prop- 
erties maintained over long 
exposures; at higher tempera- 
decreases 


are 


tures strength with 
time. 

Even though strength 
holds up after prolonged expo- 
sure, ductility may be adversely 
affected. Loss of ductility may be 
reflected by an increase in notch 
sensitivity, the amount varying 
with the particular alloy. The 
effect of notches on the properties 
of these steels has not been de- 


termined. 


tensile 


TABLE 4—TENSILE STABILITY OF STEEL A SHEET: 














Yield Strength 
Tensile Strength, (0.2% offset), Elongation 
Prior Gage, 1000 psi 1000 psi % 
Exposure in.! Heat: 
Avg Range Avg Range Avg Range 
0.102 A 184 | 183-185 | 151 | 150-152) 11 10-12 
1000 F, 10 hr 0.081 B 180 180-182 148 146-148 10 10-11] 
0.071 A 181 179-182 148 148-149 10 9-10 
0.102 A 18] 180-182 149 148-149 10 10-1] 
1000 F, 100 hr 0.081 B 176 175-176 144 143-144 g 9-1f 
0.071 A 180 180-182 147 146-147 9 9-10 
a Heat treated to 180-200,000 psi. 
b Width 36 to 48 in. 
¢ Composition: C Mn Si Cr Mo V 
Heat A 0.38 0.37 1.10 4.99 0.33 1.31 
Heat B 0.38 0.37 1.09 4.88 0.33 1.31 


3. Creep properties 


During its service life, an air- 
frame part may be subjected to 
various combinations of stress and 
heat. Where the design is based 
on peak stresses, the maximum 
stresses for these steels in a cer- 
tain time interval, i. e. the stresses 
required to produce strength and 
tempering stability, can be ex- 
pected to correlate with the short 
time data -~already discussed. 
Where cumulative deformation is 
important, however, the appro- 
priate design criterion is the 
stress to produce a given amount 
of strain in a given time, e. g., 
the stress required to produce 
0.2% deformation in 500 hr. 

Fig 5 shows stress-strain curves 


for steel E at room temperature 
and at 1000 F, and schematic iso- 
chronous (constant time) 
strain curves for 100 and 1000 hr 
at 1000 F. The relationship of 
the isochronous curves to the 
stress-strain curves is such that 
the stresses at which the isochron- 
ous curves deviate from the short 
time stress-strain curve are the 
stresses at which creep becomes an 
important factor under the condi- 
tions of time and temperature for 
which the isochronous curves were 
prepared. In an aircraft operat- 
ing at supersonic speeds, where 
aerodynamic heating occurs, de- 
sign must be based on the iso- 
chronous rather than on the com- 


stress- 
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Fig 5—wStress-strain curves at room 
temperature and schematic isochro- 
nous stress-strain curves at 1000 F 


for steel E heat treated to Re 51. 





























































































































Rupture Life, hr 


Fig 6—Creep-rupture strengths of hot work steels at 1000 F. Steels were tempered at 1050 F (left), 1100 F (right) 
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mon yield strength curves. 
‘tress rupture data on steels A, 
ind E at 1000 F are plotted 
two tempering temperatures 
‘ig 6. Steel E is equivalent to 
i. e., the curves are close 
igh to indicate that property 
ids would overlap in actual 
practice) and superior to A when 
all three steels are tempered at 
1050 F (Re 52 hardness). Based 
on strength and rupture ductility, 
E shows the most favorable com- 
bination of properties and, there- 
fore, would be selected over D. 
Rupture values for steel A sheet 
heat treated to 180-200,000 psi are 
given in Fig 7. 

The data on steels D and E 
indicate that resistance to soften- 
ing upon heating is not neces- 
sarily directly related to creep 
rupture. In Fig 4, D was shown 
to be more resistant to softening 
at elevated temperatures than E. 
When these steels are tempered at 
1100 F (Re 47 for E, Re 52 for 
D), D has the higher rupture 
strength at 1000 F. But when both 
steels are tempered at 1050 F (Re 
52 hardness), E has the higher 
rupture strength at 1000 F. 

The short time tensile and 
stress rupture values for these 
steels at 1000 F compare favor- 
ably with the values obtained for 
superalloys. D and E bars have 
tensile strengths of 187,000 psi 
and 199,000 psi at 1000 F, com- 
pared with 118,000 psi, 142,000 
psi and 131,000 psi for the super- 
alloys S-816, Inconel X and A-286, 
respectively. The 100 hr at 1000 
F creep rupture value of 126,000 





Recommended Heat Treatments 


Proper heat treatment is im- 


portant in attaining desired me 
chanical properties. In particu- 
lar, it is important to consider 
the effects of austenitizing and 
tempering temperatures and of 
composition variations. 

The most successful heat 
treatment for steel A bars and 
forgings requires: 

1. Heat 100 deg per hr from 
1200 to 1800-1850 F. 

2. Soak sat temperature for a 
minimum of: hr. 

3. Quench and equalize in salt 
at 800 F. 

4, Air cool to 150 F. 

5. Double temper at 1050 F 
+ 25 F for 4 hr, air cooling in 
each case. 

Resulting bar properties ex- 
ceed minimum longitudinal val- 
ues of 200,000 psi ultimate 
strength, 170,000 psi _ yield 
strength, 10% elongation, 30% 
reduction of area, and 12 ft-lb 
Charpy V-notch. 

For A sheet the recommended 
heat treatment is: 

1. Heat the material 30 min 
at 1825-1850 F. 

2. Quench and equalize in salt 
at 800 F for 5 min. 

3. Air cool. 

1. Double temper at 1100 and 


1125 F for 4 hr, air cooling in 
each case. 

Such a heat treatment has 
produced sheet properties ex- 
ceeding 180,000 psi ultimate 
strength, 155,000 psi _ yield 
strength and 7% elongation. 

Heat treatment of steel D re- 
quires an austenitizing tempera- 
ture high enough to dissolve the 
complex alloy carbides and 
homogenize the austenite. For 
bars and forgings: 

1. Preheat at 1400 F. 

2. Heat to 1950 F and hold. 
the time depending on size. 

3. Air cool. 

4. Double temper at 1150 and 
1225 F for 4 hr, air cooling in 
each case, 

This treatment gives mini- 
mum longitudinal values of 200- 
230,000 psi ultimate strength, 
175,000 psi yield strength, 8% 
elongation and 8 ft-lb Charpy 
V-notch. The 250,000 psi 
strength level is achieved by oil 
quenching from 1950-2109 F and 
tempering at 1150-1225 F. To 
date, transverse tensile ductility 
and impact values for steel D 
forgings have been quite low be- 
cause heat treatments have not 
eliminated the directionality cf 
alloy carbides. 





psi for E is higher than that of 
any material reported in the lit- 
erature. The values for S-816, 
Inconel X and A-286 are only 120,- 
000 psi, 118,000 psi and 100,000 
psi. The 1000 hr at 1000 F rup- 
ture of 76,000 psi for E is still 
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Fig 7— Creep rupture strength of steel A sheet. 






close to the range of values ob- 
tained for the superalloys. 

In addition to its high rupture 
strength, E has rupture elonga- 
tion ranging from 8 to 11%. D is 
rather brittle and ruptures with 
only 1 to 2% elongation in all 
tests, whereas A ruptures with 
high elongation, ranging from 6 
to 15%. Since the amount of de- 
formation at rupture is variable, 
creep rupture data must always 
be used with a safety factor. 
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Why Specify Prepregs 


for Reinforced Plastics Parts? 


Typical parts molded from prepregs. 






These laminating materials are used more and more widely 

by reinforced plastics molders to improve quality and simplify fabrication. 
Here is an up-to-date report which includes a discussion 
of the most important glass-reinforced prepregs now available. 


@ The advantages of using pre- 
pregs stem from the fact that 
they are “pre-engineered” rein- 
forced plastics purchased as one 
material. The resin system has 
been carefully prepared with 
proper proportions of components, 
such as hardeners, fillers and 
catalysts, and the predetermined 
resin-reinforcement ratio has been 
maintained consistently through- 
out the material. This pre-engi- 
neering simplifies fabrication and 
provides parts of more predictable 
quality. 
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by W. Brenner, Consultant, and H. J. Duprez, Wallace & Tiernan, Inc. 


A wide variety of resins and 
reinforcements is available in pre- 
preg form. Consequently, the spe- 
cifier can choose from many ma- 
terials having different combina- 
tions of mechanical, electrical and 
physical properties. Where stock 
prepregs will not meet specific de- 
sign needs, special formulations 
can often be prepared by the ma- 
terials suppliers. 

Advantages 

Use of prepreg materials re- 
sults in parts of higher reproduc- 
ible quality than those formed by 


wet lay-up. The major reasons 
are: 

1. A uniform resin-reinforce- 
ment proportion can be_ kept 
throughout the laminate. 

2. Resin content can readily be 
controlled to within +3%, or less 
if required. 

3. Control of the cure is abso- 
lute because of the uniform dis- 
persion or solution of carefully 
premeasured amounts of catalysts 
or curing agents. 

4. Trapped air pockets. or 
minute air bubbles in the lamina 


ns 


ce- 


pt 


be 


SO- 
is- 
lly 


sts 








eliminated. Trapping of air 

‘ing mixing of resin systems 

wet lay-ups is often a major 

‘blem; pockets are cause for re- 

tion of parts, and minute 

bles detract seriously from the 
quality of the part. 

». Since prepregs are predried, 

isture, which has a deleterious 
effect on laminates, is eliminated. 

[The most substantial benefit 
from using prepregs is the result- 
ing simplification in molding op- 
erations. Use of only one material 
containing both the resin and the 
reinforcement eliminates such 
steps as compounding and control 
of resin-reinforcement ratio, Pre- 
preg moldings are prepared by 
cutting, slicing or stamping suit- 
ably sized blanks from sheets or 
rolls of prepreg, stacking the 
blanks to the desired thickness 
and molding. For simple shapes 
roll material can often be fed 
directly into the molding dies. 
This process results in 1) cleaner 
molding operations, eliminating 
clean-up necessary after wet mold- 
ing, 2) less waste, since there is 
no spillage or mold overflow, 3) 
less hand labor, and 4) reductions 
in storage and materials handling 
costs, since only one material 
must be stored and moved. Addi- 
tional fabrication benefits derive 
from the simplified control of 
quality and production. 

Materials available 

Most prepregs make use of 
glass cloth or mat; hence, most of 
this discussion deals with glass- 
reinforced materials. Other fiber 
reinforcements available include 
synthetics such as nylon, Dynel, 
Orlon and Dacron, and natural 
materials such as paper, sisal, 
jute, cotton duck and linen. Some 
work has also been carried out 
with acetates, and some prepregs 
with asbestos reinforcement are 
commercially available. (Proper- 
ties obtained with asbestos pre- 
pregs were discussed in M&M, 
Feb ’56, p 103.) 

A large number of resins are 
available in prepreg form. The 
more common ones are polyesters, 
DAP (diallyl phthalate), epoxies, 
phenolies and silicones (see Table 
1 on the following page). 










Polyester, DAP—The most com- 
monly used prepregs consist of 
polyester, DAP or DAP-modified 
polyester resin and glass cloth. In 
general, these materials provide a 
colorless, sometimes translucent, 
high density laminate after a rela- 
tively short cure at low tempera- 
tures. Mechanical, electrical and 
chemical properties are usually 
adequate for most common appli- 
cations. 

Disadvantages of such prepregs 
are: 1) high (4-8%) shrinkage 
during cure, resulting in relatively 
poor surfaces and poor water re- 
sistance, 2) relatively low service 





Prepregs: 
What They Are 


A prepreg material is gener- 
ally defined as a combination of 
semi-cured or “B stage” resin 
and continuous sheet or web 
type reinforcing material. It is 
usually purchased in roll form 
ranging up to 72 in. in width, 
or wider if desired. Though it 
cannot be considered a new de- 
velopment, since prepregs have 
been used for some time in high 
pressure laminating, the use of 
100% polymerizable low pres- 
sure polyester and epoxy resins 
and B staged phenolics with 
glass fiber reinforcements has 
broadened the field of applica- 
tion for reinforced plastics parts. 

The distinction between pre- 
pregs and so-called premix mold- 
ing materials lies primarily in 
the character of the fibrous re- 
inforcements. Whereas prepregs 
make use of essentially continu- 
ous reinforcements such as cloths 
or mats, premix molding com- 
pounds are formulated with dis- 
continuous reinforcements such 
as chopped fibers and chopped 
rovings. Thus, prepreg moldings 
are produced by laying up layers 
of prepreg and molding to shape, 
whereas premix moldings are 
made by charging a mold with 
the material in bulk form and 
molding to shape. 








temperature limit, except for 
TAC-modified polyesters, and 3) 
questionable storage life. 

Such laminates are used in heli- 
copter stabilizers, aircraft duct- 
ing, electrical insulating boxes, 
containers and fairings. 

Epoxy — Epoxy-glass prepregs 
are relatively new, but have 
aroused considerable interest. 
They provide low shrinkage dur- 
ing cure; excellent mechanical, 
electrical and chemical resistance 
properties; low water absorption; 
and excellent dimensional stabil- 
ity. Though they are higher in 
cost than phenolics or polyesters, 
the price differential in impreg- 
nated form is negligibie for most 
purposes. 

Epoxy prepregs can be “tail- 
ored” to provide high or low flow, 
drape, tack and other handling 
properties. They also have excel- 
lent storage life and are suitable 
for both high and low pressure 
molding. 

Disadvantages of epoxy pre- 
pregs are extreme adhesion to 
mold surfaces and slightly longer 
cure cycles at higher tempera- 
tures than the polyesters or phen- 
olics. Also, temperature resist- 
ance is relatively poor, though 
current development work prom- 
ises improvement. Such materials 
have been used primarily in 
printed circuits, tubular goods, 
ducting and plastics tooling. 

Phenolics — Future growth in 
use of phenolic-glass prepregs is 
expected to be primarily in high 
temperature applications. Phen- 
olic prepregs cure to form lami- 
nates with high mechanical 
strength, good electrical proper- 
ties and good chemical resistance. 
They are relatively low in cost 
and can be molded with either 
high or low pressure techniques. 
One of the major advantages of 
phenolic prepregs is the variety 
of properties which can be “built 
in” during the B-stage process 
(i.e., the preliminary cure). Flow, 
drape, tack and other properties 
can be varied to meet specific de- 
sign needs. 

Major limitations of phenolic 
prepregs are poor colorability and 

color control, and problems arising 
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from the by-products of the con- 
densation reaction. After the 
resin has been advanced to the B 
stage, it has a volatile content of 
from 2-5%, of which 90% is 
water. During the final cure, 
some volatile matter remains 
trapped in the laminate in the 
form of gas. Thus, it is difficult 
to produce translucent, void-free 
laminates. Though you might ex- 
pect these gas pores to be a seri- 
ous limitation, recent work indi- 
cates that their presence helps 
maintain strength at high tem- 
peratures. The gas pockets tend 
to relieve the stresses resulting 
from the difference in expansion 
rates of the resin and the glass. 

Silicone — Silicone-glass pre- 
pregs are specialty materials de- 
signed for use where properties 
must be retained after prolonged 
exposure to high temperatures 
(500 F or higher). Laminates 
have high dielectric properties 
and relatively good mechanical 
strength. They can be molded by 
high or low pressure techniques, 
but must be postcured to attain 
optimum strengths. Recent work 
has indicated that specially de- 
signed finishes for the glass rein- 
forcement can substantially im- 
prove the mechanical strength of 
silicone-glass laminates. 

Silicone prepregs are supplied 
in the B stage and, as in the case 
of phenolics, volatile by-products 
are given off during the cure. The 
B staging of silicone resins is a 
critical operation and has a defi- 
nite effect on strength of cured 
laminates. Silicone prepregs are 
generally dry and stiff, and sol- 
vents evaporate rapidly when the 
material is exposed to room con- 
ditions. New packaging proce- 
dures are being investigated in 
an attempt to increase volatile 
retention and thereby improve 
drape. 

Major disadvantages of silicone 
prepregs are high cost, low initial 
mechanical strength, difficulty in 
handling, extensive postcure at 
relatively high temperatures, and 
critical curing conditions. 

Other—Use of melamine-glass 
prepregs is limited, and confined 


primarily to electrical equipment. 
Melamine prepregs are molded at 
high pressures, and resulting lam- 
inates have high initial strength 
and good dielectric properties. 
Such materials are relatively high 
in cost. 

Other resins have been investi- 
gated for possible use in prepregs. 
They include vinyl copolymers, 
styrene “alloys” and fluorocarbons. 
As yet, they have not been used 
in appreciable quantities. 
Molding methods 

Prepreg materials can _ be 
molded by matched metal tech- 
niques, pressure bag or vacuum 


bag molding, or mandrel wra 
ping. The majority of pa 
molded from prepregs today 
formed by matched metal moldi: 
Choice of mold materials depe: 
largely on the type of part to 
made and the quantities involv: 
Aluminum molds are widely used 
because of their moderate mat: 
rials cost, ease of machining a; 
light weight. Pinch-off type molds 
have been used effectively in se 
eral applications. In designing, it 
is important to recognize the 
limited flow of prepreg materials 
and to provide for mold venting 
as required by geometry of the 


TABLE 1-GENERAL COMPARISON OF GLASS-REINFORCED PREPREGS:> 





Phenolic | 





Phenolic | 
Polyester | (general (temperature Silicone Epoxy 
and DAP f urpose) resistant) 
Flexural Strength, 
1000 psi» 
Room Temperature 55-65 73 65-75 42.3 85 
Y hr at 500 F 45-55 15 10 (at 300 F) 
Y hr at 700 F 40 14 
100 hr at 500 F 14-17 15 
200 hr at 500 F 16 
2 hr in Boiling 
Water 45-58 69 56-70 75 
Modulus in Flexure 
(initial), 10® psi 2.6 3.3 3.1 2.88 3.7 
Ultimate Tensile 
Strength, psi 49,000 45,000-50,200 50,000 40,600 54,000 
Ultimate Compres- 
sion Strength, psi 40,000 46,000-51,500 35,000 21,300 60,000 
Barcol Hardness 72 73 61 
Specific Gravity 1.80 1.85 1.53-1.95¢ 1.91 1.85 
Flammability © Burns Self-extinguish- | Self-extinguish- Nil Burns slowly 
slowly ing + ing 
Arc Resistance, sec — 200 250 246 
Color Almost Straw yellow to | Straw yellow to | White Almost color- 
colorless brown brown opaque | less 
By-Products of Cure No Yes Yes Yes No 
Major Advantages | Noby-prod- | Good general Heat resistance, , Heat resist- Low shrinkage, 
ucts, good properties, low low cost ance excellent 
color cost | physical and 
| electrical 
| properties 
Major Limitations Cure time _—_ Limited colors = Lowstrengthafter High cost | Poor mold re- 
and cost long exposure lease, 250 F 





to high temp-" | max service 
erature temperature 





a Reinforcement: 181 Volan A cloth, except silicones which were prepared with 181 cloth wit! 


no finish. 
b Tested at temperatures indicated. 


¢ Flammability ratings based on unmodified resin laminates. All can be modified to give greater 


resistance. 


d Higher densities based on vacuum bag laminates. 
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Typical cure conditions are 
shown in Table 2. 
"he optimum resin content of 
preg materials is in the 30-40% 
ge, Depending on the molding 
ration used, however, it may 
be necessary to compromise be- 
een strength and flow in deter- 
mining the resin-reinforcement 
ratio. High pressure moldings can 
be obtained with prepregs con- 
taining about 30% resin. With 
vacuum or pressure bag_ tech- 
niques, a prepreg with a higher 
resin content should be used. 
Considerable work has_ been 
carried out on mandrel wrapping 
of prepregs. Wrapping is gener- 
ally carried out under tension 
using conventional equipment. 
Cellophane or polyvinyl alcohol 
external wraps are often used. 
Cure is carried out either in an 
air circulating 
infrared heaters. 


oven or under 
New developments 

There are 
which development work to date 
indicates promising prepreg ma- 
terials in the future. A consider- 
able amount of work is being done 
in developing more heat resistant 
materials, particularly epoxies 
and phenolics. Certain phenolic 


several areas in 





American Reinforced Plastics Co. 
Coast Mfg. and Supply Co. 
Cordo Molding Products, Inc. 


Flexfirm Products, Inc. 
Minnesota Mining & Mfg. Co. 
Narmco Resins and Coatings Co. 
Raybestos-Manhattan, Inc. 


Standard Insulation Co. 


U.S. Polymeric Chemicals, Inc. 





Prepregs are supplied by . 


Sun Chemical Corp., Electro-Technical Products Div. 


Fr 
Cordopreg 
Mobaloy 
Flexfirm 
Scotchply 
Narmcloth 
Pyrotex 
Novabestos 
Stanpreg 
Sunform 








prepregs under development can 
successfully withstand 500 F serv- 
ice for considerable periods of 
time. An experimental, modified 
silicone prepreg retained useful 
strength after prolonged exposure 
to temperatures as high as 750 F. 

Prepregs having low electrical 
losses, required in certain elec- 
tronic applications, are also being 
developed. Divinyl benzene-cross- 
linked styrene resins using Dac- 
ron reinforcements are under 
study. Such laminates have at- 
tained dielectric constants of less 
than 3. 

Reinforcement with materials 
other than glass has received in- 


TABLE 2—-TYPICAL CURING PROCEDURES 


4 in. Laminates) 


creasing attention. Thermoplastic 
fibers, for example, provide useful 
combinations of properties. Such 
materials provide much _ better 
flow characteristics during mold- 
ing because of the thermoplastic 
behavior of the reinforcement. 
Nylon has been used in the non- 
metallic armor program and may 
find additional applications. The 
superior chemical resistance of 
Dynel provides additional protec- 
tion in parts exposed to severe 
environments. 


Adapted from a paper presented at the 12th 
Annual Conference of the Reinforced Plastics 
Div., Society of The Plastics Industry, Inc.., 
Feb "57 





Type of Laminate 


Vacuum Bag (oven cure) 


Positive Pressure 





Cure Post-Cure Pre-Cure Cure Post-Cure 
DAP, Polyester 15 min at 150 F None None 10-30 min at 310 F None 
Phenolic Y, hr at 250 F | Y%—] hr 0-2 min at 325 F 30 min at 325 F or Y—] hr 
+) hr at 300 F at 325-375 F (contact pressure) 45 min at 300 F or at 325-375 F 
ty hr at 350 F 1% hr at 275 F 
High Temperature Phenolic Y) hr at 200 F 1 hr at 360 F Y, min at 325 F 30 min at 325 F 1 hr at 360 F 
ty hr at 250 F +] hr at 425 F (contact pressure) (10 psi) +1 hr at 425 F 
ty hr at 350 F +5 min at 500 F +5 min at 500 F 
None 2 hr at 350 F 1 hr at 360 F 
(200-500 psi) +1 hr at 425 F 
+5 min at 500 F 
Silicone 10 min at 250 F | 16 hr at 200F 2-3 min at 350 F 30 min at 350 F 16 hr at 200 F 
+2 hr at 350 | +2 hr at 250 F (contact pressure) (30-200 psi) +2 hr at 250 F 
+2 hr at 300 F +2 hr at 300 F 
+2 hr at 350 F +2 hr at 350 F 
+2 hr at 400 F . +2 hr at 400 F 
+2 hr at 440 F +2 hr at 440 F 
+12-48 hr at 480 F +12-48 hr at 480 F 
Epoxy 1 hr at 350 F | Bone 2-4 min at 350 F 30 min at 350 F None 








(contact pressure) 





(30-500 psi) 




































Stainless toggle levers 


Investment 





Stainless trip figures Brass carbon brush holders 


‘X’ Castings 


made by a new process... 


@ Investment casting has long 
been known as an accurate and 
efficient method of producing in- 
tricate parts. Several different 
investment processes are now in 
existence, each offering distinct 
advantages. The latest. modifica- 
tion is the Investment X Process. 
This process differs from the con- 
ventional, solid mold, “lost wax”’ 
method in two ways: 1) the wax 
pattern assembly is invested with 
up to eight coats, and 2) the wax 
is removed by immersion in tri- 
chloroethylene vapor, rather than 
by melting. Because the wax is 


This article is based on two reports by J. S. 
Turnbull, Metropolitan-Vickers Electrical Co., 
Ltd., England, and information supplied by 
Shaw Process Development Corp., Port 
Washington, N. Y. 





theoretically no limit on the size 
of castings possible. Chief limita- 
tions of the process are the cost 
and handling problems associated 
with toxic trichloroethylene. 


dissolved instead of melted out, it 
is possible to produce larger cast- 
ings without fear of mold crack- 
ing. Although the largest casting 
made so far weighs 56 lb, there is 


. » » Which has these advantages 


1. Larger castings are possible. Since wax is not melted out by heat, 
there is negligible expansion. As a result, there is practically no limit on mass 
of wax used and, consequently, on size of casting. 


2. Greater mold permeability. Because molds are actually a series of 
built-up shells rather than solid investment, they are highly porous. 


3. Mold cracking is eliminated. Main cause of mold cracking is expansion 
in wax removal. In Investment X process wax is removed by solution rather 
than by heat. Permeability of mold also minimizes effects of whatever expan- 
sion forces exist. 


4. Lower pouring temperatures. Greater permeability of molds permits 
adequate fill with colder pouring. 


5. Better wax removal and recovery. It is much easier to immerse molds 
in trichloroethylene than to subject them to heat. Also, wax is recovered from 
solution bath and reused. 


6. Hollow wax patterns are feasible. Since molds are built up by dipping, 
no excessive pressure is put on molds by slurry. 
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1. Wax pattern is dipped in slurry... 


Insofar as wax patterns are concerned, Investment X 
process is identical with solid mold “lost wax’ process, 
and same injection machinery can be used. Dipping 
makes possible even coatings of ethyl silicate-bonded 
slurry on the patterns, resulting in uniform surface 
finish on castings. Dipping also provides stronger, more 
permeable shells. Rotating bowl and stirrer are used to 
maintain consistency of slurry. 





3. and tunnel dried... 


After stuccoing, shell passes through drying tunnel. 
Majority of patterns receive six dip coats; large patterns 
receive eight coats. Thickness of complete shell is about 
% to % in. 


5S. and mold is ready for firing. 


When mold is completely dewaxed, it is packed in 
stainless container filled with granular refractory, usually 
a mixture of sand and molochite, and baked in gas-fired 
conveyor furnace. During baking cycle, the sand frits. 
When molten metal is poured into mold and cools to 
room temperature, sand unfrits and eases problem of 
pouring. Shell investment is then separated from casting 
by vibration. 


How the process works 


2. then showered with molochite... 

Starting with second dip coat, shell is showered with 
molochite in stucco-rain machine to insure that each coat 
will mechanically bond to previous one. 





4. Waxis removed... 


When pattern has enough coats, wax is removed by 
immersion in trichloroethylene vapor. Vapor permeates 
porous shell and immediately dissolves wax faces adjoin- 
ing investment before heat of vapor expands wax. Mold 
of 15 lb capacity can be completely dewaxed in 30-45 min. 




































































Sharon Steel Corp. 


Midvale-Heppenstall Co. 


and surface defects 


Steel manufacture 


Melting, pouring and solidification to ingots and castings 
--Requires control of chemical composition, cleanliness, 
satisfactory deoxidation practice, soundness, uniformity, 
minimum segregation and freedom from internal defects 























Hot working to billets, blooms and forgings—Requires 
plasticity and formability at hot working temperatures, 
and freedom from internal and surface defects 


2. Conversion to piping 


Hot working to pipe—Requires plasticity and formability 
at hot working temperatures and freedom from internal 


Heat treatment — Requires capability of being heat 
treated to produce properties needed by fabricator 


Consider these factors in selecting... 


Steam Piping Materials for 


The trend toward higher operating temperatures and 


pressures in steam power plants calls for a reappraisal of 


current piping materials. This article discusses present 
materials and new alloys now under development. 


by H. S. Blumberg, Consulting Metallurgist* 


@ Above are listed the important 
requirements that must be met 
by materials used for high tem- 
perature, high pressure steam 
piping. As the chart suggests, 
the designer must be cognizant of 
the complete cycle through which 
the alloys pass—from their origin 
in steel melting to their operation 
in steam plant service. 


Requirements 
Throughout their life span, pip- 


ing materials are subjected to 


* Formerly Chief Metallurgist, 
M. W. Kellogg Co. 
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various conditions of temperature, 
time, heating and cooling, hot and 
cold work, etc., each of which is 
instrumental in determining end 
properties. The importance of 
temperatures in determining the 
properties of ferritic and austeni- 
tic steel piping in each of the 
four phases of their life cycle is 
seen in the chart on page 129. 
Adequate end-service properties 
is the most important design fac- 
tor in selecting piping materials. 


A metal cannot be considered un- 
less it possesses freedom from 
embrittlement and sufficient high 
temperature strength for long 
time periods to permit the use of 
reasonably thin walls. Heavy- 
walled pipes promote stiffness, 
tridimensional stress, and severe 
thermal stresses across the wall 
with rapid temperature changes, 
possibly resulting in cracking and 
failure. Even though a piping 
material meets the requisite serv- 
ice conditions, however, it must 
also meet the requirements of the 
first three materials processing 
phases. 

The capability of weld joints 
is especially important. Weld de- 
posit compositions are not always 
identical with the base metal and 
analyses selected often represent 
compromises in which a primary 
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3. Fabrication 


Hot bending —- Requires plasticity and formability, in- 
cluding suitable strength at hot working temperatures 


Heat treatment — Requires capability of being heat 
treated to produce properties needed for service 


Welding—-Requires capability of being joined with satis- 
factory qualities in weld, heat affected zone and base metal 


Post heating—Requires satisfactory hardness, ductility . 
and metallurgical structure 


4. Service 


Exposure to high temperatures, high pressures and high 
steam flow rates—Requires good rupture strength; sta- 
bility of ductility properties, metallurgical structure and 
surface; and retention of original room temperature 
properties during shutdown periods 


















M. W. Kellogg Co. 
Consolidated Edison Co. of New York, Inc. 


High Temperature Service 


aim is to insure sound welds and 
freedom from cracking in fabrica- 
tion (welding and heat treatment) 
and service. Piping weldments 
have various types of metallurgi- 
cal structures, and the designer 
must be aware of their effects in 
the specific metals used. 
Materials currently used 

Experience gained in the oil 
and chemical processing industries 
has been of great value in de- 
veloping steels for high tempera- 
ture, high pressure steel piping. 
The power industry, using the 
ferritic low chromium-molybden- 
um steels as a base, has further 
developed and modified them to 
suit steam plant requirements, 
generally standardizing on the 
ferritic and austenitic alloys listed 
in Table 1. 

Ferritic steels have had an ex- 
cellent record as steam piping dur- 


ing more than ten years of modern 
high temperature conditions, in- 
cluding operation up to 1050 F. 
As shown in Fig 1, a marked 
metallurgical advantage of these 
steels is their full response to heat 
treatment above the critical range. 
This makes possible weld joint 
microstructures that are quite 
similar to those of the parent pip- 
ing. Despite these advantages, 
however, the ferritic steels are 
deficient in surface stability (oxi- 
dation resistance) and rupture 
strength for the high tempera- 
tures now being contemplated. 
Austenitic stainless steel was 
first used approximately nine 
years ago when type 347 was se- 
lected by turbine manufacturers 
for use at 1050 F and 1500 psi. 
At that time the ASME Boiler 
Code had recognized four aus- 
tenitic chromium-nickel stainless 
steels for service at elevated tem- 


peratures: 304, 347, 321 and 316. 
Currently, maximum allowable 
stresses for these steels at 1050 F 
are 13,100 psi for types 347 and 
321, 12,200 psi for type 316 and 
10,000 psi for type 304. 

Although the columbium-bear- 
ing 347 alloy was originally de- 
veloped for its outstanding cor- 
rosion resistance at ordinary and 
elevated temperatures, it also pos- 
sesses excellent oxidation resist- 
ance and strength at high tem- 
peratures. Unlike the carbon 
steels, the austenitic steels cannot 
be grain refined, since they pos- 
ess no critical range. Also, these 
steels are subject to potentially 
embrittling phase changes which 
tend to lower some properties. 
However, certain advantages of 
the austenitic high temperature 
steels are so outstanding that de- 
signers must use them if operat- 
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TABLE 1—CURRENTLY USED PIPING MATERIALS 











ASTM Chemical Composition (approx), % ASME Allowable Stress, psi Recomme: 
Class No. Temperati 
Cr Mo Ni V Cb 950 F 1000 F 1050 F 1100 F 1150 F 1200 F Range, 
Ferritic ’ 
] 0.5 8500 5500 Below 85 
12 1.0 0.5 11,000 7500 5000 2800 1550 825-950 
ll 1.3 0.5 11,000 7800 5500 4000 2500 825-1000 
22 2.3 1.0 11,000 7800 5800 4200 3000 2000 950-1050 
21 3.0 1.0 9000 7000 5500 4000 2700 1500 Up to 10 
1.0 1.0 0.2 10,000 8500* 6000 + Up to 105 
Austenitic 
347 18.0 12.0 8x YC 13,850 13,500 13,100 10,300 | 7600 5000 Above 10! 
min | 
316 16.0 2.0 13.0 15,100 14,000 | 12,200 10,400 8500 6800 | Above 1100 








a Under consideration but not yet approved by ASME. 


TABLE 2--COMPOSITION AND PROPERTIES OF PROMISING PIPING MATERIALS: 











Composition, % Estimated 
Grade Allowable Stress 
ch | cu | co | w Ti N Fe at 1200 F, psi® 
15-15N 1.0 | 1.5 0.15 60 11,400 
17-14 copper- 

molybdenum | 0.5 3 0.5 62 12,000 
G18B 3 10 2.5 53 10,500 
N155 l 20 2.5 30 9900 

a Chromium, nickel and molybdenum contents are roughly similar to those of type 316 


stainless steel. 


b Based on limited data. Should not yet be used in design. 


ing temperatures and 
continue to increase. 

The lighter wall thicknesses 
permitted with the higher strength 
austenitic alloys reduce some of 
the usual difficulties encountered 
in fabrication and service. Some 
cracking at welded joints has been 
encountered in type 347 piping. 
However, recent work indicates 
that this problem can probably be 
eliminated. 

Currently there are 24 power 
stations in this country in various 
stages of design, construction and 
operation which have been de- 
signed for operation at tempera- 
tures of 1050 F and above. Of 
these, 18 utilize type 347 stainless 
steel piping between the _ stop 
valves and the turbine, and four 
use type 347 for station piping 
between the boiler and the stop 
valves. 

Type 316 austenitic stainless 
steel has not been used as main 


pressures 


steam piping in actual power plant 
service. It has, however, been 
selected for five new stations de- 
signed for use at 1100 F and 
above, including the 1200 F, 5000 
psi Eddystone unit scheduled for 
completion in 1958. Although con- 
siderable amounts of type 316 
have been used, relatively little 
has been made as heavy-walled 
piping. Pressure vessels up to 
about 1 in. thick have been fabri- 
cated with no reported welding 
difficulties. It has been shown that 
types 347 and 316 can be welded 
satisfactorily under restraint in 
3-in. pipe walls with either a 
matching or a 16-8-2 (see next 
paragraph) electrode. Of the 
combinations tested, type 316 
base metal joints welded with 
16-8-2 deposit appear to have the 
most satisfactory properties. 
Latest developments 

Designers are currently con- 
sidering several new alloys de- 


veloped especially for steam pip- 
ing operating at high pressures 
and temperatures. The first speci- 
ficially “new” material for high 
temperature service is the 16 
chromium-8 nickel-2 molybdenum 
welding electrode. This alloy has 
shown considerably better hot 
ductility in stress rupture tests 
than conventional type 347 stain- 
less. A number of welded joints 
using this alloy with type 347 
base metal are being tested, and 
a program is under way to make 
wrought piping of the new alloy. 

Some of the more promising al- 
loys being developed for steam 
piping are listed in Table 2. These 
materials have roughly the same 
chromium, nickel and molybdenum 
contents as type 316. stainless 
steel, but also contain certain 
other alloying elements. None of 
these compositions is currently 
approved under the ASME Boiler 
Code. These, and a great many 
other high strength alloys, ap- 
parently have substantially great- 
er long time stress’ rupture 
strengths at 1200 F and above 
than the 347 and 316 stainless 
steels. However, considerably 
more data are required on the 
stability and weldability of these 
alloys before they can be accepted 
for use. Of the various classes of 
high strength alloys, the chrom- 
ium-nickel-iron and chromium- 
nickel-cobalt-iron alloys appear to 
be most promising. 


Based on a paper presented at the joint session of the Power and Metals Engineering Divisions 
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at the Nov ‘56 annual meeting of the American Society of Mechanical Engineers in New York. 
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A Temperature Chart of Piping Materials 
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Chemically inert 
vinyl resins 
are widely used in 





Dispersion 
coatings 


Vinyl Coatings 
for Metal Products 


@ Vinyl resins possess a unique 
combination of properties that 
makes them particularly valuable 
for use in protective coatings. 
Because the resins are odorless 
and tasteless and have a low order 
of toxicity, they are extremely 
useful as sanitary coatings. Chem- 
ically, they are extremely inert: 
they are not attacked at room 
temperatures by inorganic acids 
and alkalies; they are insoluble 
in oils, greases, aliphatic hydro- 
carbons and alcohols; and they 
are resistant to water and aque- 
ous salt solutions. Because of 
their toughness, flexibility and 
good adhesion, vinyl coatings can 
be applied to many metal parts 
before they are fabricated. 

In general, vinyl coatings in- 
tended for metal surfaces can 
be divided into three broad cate- 


gories: wash primers, solution 
coatings and dispersion coatings. 
Wash primers 

Properties—Wash primers based 
on vinyl butyral resins provide 
hoth an excellent anticorrosive 
metal pretreatment and a good 
adhesive bond for subsequent 
paint films. Primers that have 
excellent adhesion to such metal 
surfaces as steel, iron, chromium, 
cadmium, aluminum and magne- 
sium can be formulated. In turn, 
excellent adherence to wash 
primers is exhibited by phenolic, 
nitrocellulose and other properly 
formulated vinyl paints. 

Wash primers are applied as 
thin coatings of between 0.3 and 
0.6 mil and require merely air 
drying to establish a firm bond. 
The coatings are tough and flex- 
ible over a wide temperature 
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Scissor handles are protected by thick vinyl plastisol o 
organosol coatings, which are usually applied by dipping. 


by R. A. Calsibet, Bakelite Co. 


range. Formulations with a high 
pigment content exhibit no undue 
loss of mechanical properties and 
possess excellent durability and 
color stability during outdoor ex- 
posure. 

Formulation—Table 1 lists a 
typical wash primer formulation 
used on a wide variety of metal 
surfaces. The base grind and acid 
diluent of this formulation are 
prepared separately and are com- 
bined not more than 8 hr before 
application. Films applied from 
solutions aged more than 8 hr 
exhibit a gradual decline in ad- 
hesion. There are wash primer 
formulations for specific metals, 
however, that may be mixed and 
stored for a considerable length 
of time before use without result- 
ing in any deterioration of the 
finished coatings. 
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Application—Wash primers can 
be applied by spray, dip, brush or 
roller. It is essential that they 
be applied at high fluidity in 
order to fully cover the surface 
and to obtain the thin film re- 
quired. Surfaces must be clean; 
blasting with grit or sand has 
proved more effective than wire 
brushing or flame descaling. Be- 
‘ause wash primers dry entirely 
by solvent evaporation, top coats 
can be applied after as little as 
15 min of air drying. 

Uses—Vinyl wash primers are 
intended primarily to protect sur- 
faces against corrosion and to 
prepare them for topcoats. They 
are not intended as complete fin- 
ishing systems. Although they are 
widely employed for maintenance 
of marine equipment, wash 
primers have also been effectively 
used to protect original equip- 
ment. 

For example, air conditioning 
equipment, particularly the easily 
corroded fan blades, is often pro- 
tected with a wash primer. Alu- 
minum aircraft surfaces, galvan- 
ized iron surfaces and outdoor 
signs are frequently given a vinyl 
wash primer to improve the ad- 
hesion of topcoats. Aluminum foil 
treated with wash primer has 


= . ‘ ' 
Solution Chemical processing tanks are often protected from corrosive liquids 
coatings by solution coatings 


which are based 


Wash 
primers 







on vinyl chloride-acetate resins. 
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Offshore oil drilling equipment is protected with wash 
primer, topcoat and antifouling coat, all based on vinyls. 
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PROPERTIES OF COATINGS BASED ON VINYL 








RESINS? 





Outstanding 


Abrasion | 


| 


Film Weather W 





Type of Coating Characteristics Resistance | Flexibility Adhesion | Toughness Hardness | Resistance | Resi 
(hot 
Wash Primer (based on | Adhesion E E E F toG E used as - 
vinyl butyral) primer 
Solution (based on vinyl | Color retention, chemical E | E F toG E F E pigmented G 


chloride-acetate copoly- 





resistance, lack of taste 





mers) and odor 
Organosol (based on vinyl | High solids content, color | E E E to cloth; requires E F E pigmenied 
chloride-acetate copoly- | retention, flexibility, lack | | primer for use on metal | 
mers) of taste and odor 
Plastisol (based on vinyl | Toughness, resilience and | E E | E to cloth; requires | E F E pigmented | Softens /¢ 
chloride-acetate copoly-| abrasion resistance. Can | | primer for use on metal | 
mers and vinyl chloride} be applied without sol- | 
resins) vents 
*E—excellent, G—good, F-—fair, P—poor. 
TABLE 1—TYPICAL WASH PRIMER: been found easier to print and to solids when a_ standard resin 


(WP-1, MIL-C-15328A) 





BASE GRIND» 
Vinyl Butyral Resin (Bakelite XYHL) 7.2 
Zinc Chromate Pigment 6.9 
Talc ; 1.1 
Lampblack Trace 
lsopropanol, 99%, or Ethanol 48.7 
Buty! Alcohol 16.1 
ACID DILUENT 
Phosphoric Acid, 88% 3.6 
Water 3.2 
Isopropanol, 99%, or Ethanol 13.2 





a Percents by weight. 
bBase grind and diluent are prepared sepa- 
rately and mixed before application. 


TABLE 2—TYPICAL AIR DRY VINYL 
SOLUTION PRIMER> 





Vinyl Resin VMCH® 8.0 
Vinyl Resin VYHH> 8.0 
Titanium Dioxide Pigment 12.0 
Tricresy! Phosphate Plasticizer 3.0 
Methyl! Isobuty! Ketone and Toluene 

(50:50) 69.0 





a Percents by weight. 
bBakelite Co. 


TABLE 3—-COMPARISON OF PLASTISOL, 
ORGANOSOL AND SOLUTION 








FORMULATIONS: 
Plastisol | Organosol | Solution 
Vinyl Resin 60 35 12 
Plasticizer 40 13 2 
Ketone —_ 12 43 
Hydrocarbon _ 40 43 














a Percents by weight. 
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bond with adhesives. 
Solution coatings 

Properties — Vinyl copolymer 
solution coatings form smooth 
surfaces, are neutral and nonoxi- 
dizing, and are characterized by a 
low order of odor and taste. Used 
in food packaging for over 20 
years, they are not attacked at 
normal temperatures by alkalies, 
mineral acids, alcohols, greases, 
oils or aliphatic hydrocarbons. 
Toughness and abrasion resist- 
ance are high, particularly in 
coatings utilizing the higher mo- 
lecular weight resins. The coat- 
ings have excellent flexibility 
down to —65 F. At the other end 
of the scale, however, service is 
limited to temperatures below 
about 160 F because of the 
thermoplasticity of vinyl resins. 

Formulation — Vinyl chloride- 
vinyl acetate copolymers make up 
the bulk of the resins used in 
vinyl solution coatings. These 
copolymers run high in vinyl 
chloride content (87% and up), 
the exact proportion of chloride 
to acetate being carefully con- 
trolled to produce the desired end 
properties. 

Ketones are the primary sol- 
vents for the _ chloride-acetate 
copolymer resins. Base solutions 
usually consist of about 20% 


METHODS 


(VYHH) is used. Lower solids 
contents are used with the higher 
molecular weight, less 
grades of resins. 

Plasticizers are incorporated in 
most vinyl coatings to increase 
flexibility, or to allow better sol- 
vent release. When used correctly 
they have little or no effect on 
chemical resistance of the film. 

A wide choice of pigments is 
available for vinyl solution coat- 
ings. Zine and natural iron pig- 
ments should be avoided because 
they tend to promote degradation 
of the film by heat or light. Since 
pigments or fillers usually do not 
provide any reinforcing action in 
the film, only enough pigment is 
added to provide ultraviolet opac- 
ity and light stability. 

A typical air drying vinyl solu- 
tion primer for metal surfaces is 
listed in Table 2. Use of a modi- 
fied vinyl resin (VMCH) contain- 
ing about 1% of maleic acid 
groups gives this formulation ex- 
cellent adhesion to smooth sur- 
faces. Another modified solution 
resin containing about 6% viny! 
alcohol groups (VAGH) is avail- 
able. This is the only air drying 
resin that adheres to wash 
primers. Air dried films based on 
unmodified vinyl chloride-acetate 
resins (VYHH) can be stripped 
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ymatics 


ketones and esters; 
alcohols and ali- 


E—inorganic; P—ace- 
tic, formic and lower 
organic acids 


E—inorganic; P—ace- 
tic, formic and lower 
organic acids 


E—inorganic; P—ace- 
tic, formic and lower 


Resistance Retention (after exterior) 
exposure) 
P E Not normally used 

where gloss is a 
factor 

E, except am- | E pigmented E 

monium hydrox 

ide 

E, except am- | E pigmented G 

monium hydrox- 
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E, except am- | E pigmented F toG 


monium hydrox- 
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from metal surfaces and are use- 
ful as temporary protection for 
articles in storage or transit. 

Application Vinyl solution 
coatings are frequently applied 
by spraying. Coatings can also be 
applied by rolling, dipping or 
knife-coating. To prevent cob- 
webbing during spraying, the 
solution must be thinned to about 
12% resin solids. Because of the 
resulting low viscosity, thickness 
of the coating that can be applied 
is limited, although it is compar- 
able to that obtained with nitro- 
cellulose lacquers. 

Baked coatings are usually 
cured for 14 hr at 250 to 350 F, 
depending on the formulation 
used and the surface coated. Air 
dry coatings usually dry to touch 
in about 15 to 20 min, but a small 
amount of solvent is retained for 
much longer periods. 

Uses—Vinyl copolymer solution 
coatings are rather costly com- 
pared to other commercial coat- 
ings. The special properties of 
vinyl coatings, however, make 
them economically feasible for a 
number of applications. A prin- 
cipal application has been for the 
interior lining of beer and soft 
drink cans. Baking (at 300 F) 
a vinyl solution coating over a 
Phenolic or epoxy resin base 
primer produces a tough, flexible 


coating which completely protects 
the liquid content. 

Such diverse items as metal 
cabinets, toothpaste tubes, bottle 
caps, time clocks, and industrial 
wash stands and showers have 
been protected from abrasion and 
corrosion by these coatings. Milk- 
ing machines, separators and 


other dairy equipment exposed to 
severe cleaning solutions, lactic 
acid and abrasion, have also been 
successfully coated. On _ radar, 
electronic and television equip- 


liquids and fumes. 


ment, air drying coatings are fre- 
quently used to prevent damage 
to delicate components that might 
occur in baking. Solution coatings 
are also regularly used as top 
coats over wash primers to pro- 
tect equipment exposed to salt or 
fresh water. 
Dispersion coatings 

Vinyl dispersions are finely di- 
vided suspensions of resin part- 
icles in organic media. Their 
principal advantage over solution 
coatings is that they have a much 
greater resin solids content at 
application viscosity. Vinyl dis- 
persions are divided into two 
groups: plastisols and organosols. 
A plastisol is a nonvolatile sus- 
pension of finely divided resin 
particles in a plasticizer with sta- 
bilizers and pigments added. An 
organosol is similar to a plastisol 
except that the formulation con- 
tains a volatile diluent or a mix- 
ture of dispersant and diluent. 

Properties — Plastisol and or- 
ganosol coatings are tough, re- 
silient, nonporous and resistant 
to abrasion and oxidation. These 
properties are retained down to 
-65 F. Vinyl dispersion coatings 
are exceptionally resistant to alco- 
hols, mineral acids, strong alka- 
lies, oxidizing agents, inorganic 
salts, aliphatic hydrocarbons, 
greases, oils and moisture at 





Hoods and ducts have vinyl plastisol coating for protection from corrosive 


MARCH, 1957 « 133 



































continuous temperatures up _ to 
160 F. 


posed, however, to ketones, esters, 


They should not be ex- 


or chlorinated or aromatic hydro- 
carbons. 

Organosols and plastisols differ 
in a number of respects. Organo 
sols form harder coatings because 
they generally contain a smaller 
proportion of plasticizer. The 
maximum thickness that can be 
applied in a single operation is 
limited to about 10 mils. 

Plastisols, in contrast, form 
softer and _ glossier, rubberlike 
coatings on metal surfaces. Cured 
films as thick as 14, in. or more 
can be obtained in one application. 
The thickness of the _ plastisol 
coating provides a high degree of 
protection to metal surfaces; how- 
ever, because of the adulterating 
effect of large amounts of plasti- 
cizers, plastisols have poorer prop- 
erties than organosols on a mil- 
for-mil basis. 

Formulation—The advantage of 
dispersion formulations over con- 
ventional coatings is evident from 
Table 3. Since they contain little 
or no solvents, dispersion formu- 
lations can utilize resins with a 
higher vinyl chloride content and 
higher molecular weight; these 
resins have increased abrasion 
and chemical resistance. The high 
solids content and low viscosity of 
the dispersion formulations also 
promotes economical application 
of moderately thick coats. 

The same general classes of 
pigments can be used in disper- 
sions as in other vinyl chloride 
type formulations. However, you 
should not use _ high-absorption 
pigments which would soak up the 
plasticizer and affect the viscosity 
of the formulation. Zine and iron 
pigments should be avoided. 


Application — A number of 
primers provide good adhesion of 
vinyl dispersion coatings to 
smooth metal surfaces. In many 
applications adhesion is quite 
satisfactory without a primer. In 
some small products where the 
article is completely enclosed by 
the coating, adhesion is not too 
important. 

Although other methods can be 


134 *¢ MATERIALS & METHODS 





About This Series 


This is the fourth in a series 
of five articles on _ synthetic 
resin-base coatings for metal 
products. Previous articles wer: 
devoted to acrylic (Dec ’56), 
phenolic (Jan ’57) and silicone 
(Feb ’57) coatings. The last 
article in the series will cove} 
the epoxies. 





used, organosols are generally ap- 
plied by spraying. Solids contents 
of 60% and higher are common. 

Several methods are available 
for applying plastisols. Of these, 
dip coating has been found very 
convenient. Coating thickness can 
be closely adjusted by preheating 
the metal before immersion (the 
more heat, the thicker the film) 
and by controlling viscosity of 
the formulation. The coating is 
partially cured by the heat from 
the base metal and is fully cured 
by subsequent baking. 

Plastisol coatings can also be 
applied by conventional spraying 
techniques, including electrostatic 
spraying. Although they can be 
applied without diluents, plasti- 
sols are often converted to or- 
ganosols by adding a nominal 
amount of volatile diluent. The 
choice between spray or dip ap- 
plication is generally governed by 
the type of equipment available, 
the size or shape of the metal 
object, and whether complete or 
partial coverage is required. 

Plastisol and organosol coatings 
must be baked after application. 
Most bake schedules call for tem- 
peratures of 350 to 400 F for 
short time periods—usually 10 to 
30 min. Ordinarily, a chemical 
reaction is not involved. The 
plasticizer solvates the resin part- 
icles and a continuous film is 
formed upon cooling. 

Unless special techniques are 
employed, dispersion coatings usu- 
ally possess a flat finish. An ex- 
ceptionally smooth finish can be 
obtained by buffing a partially 
fused organosol or plastisol sur- 
face, then completing the bake. 
One sprayable organosol formu- 
lation gives a decorative, textured 
surface when cured. In another 








process, vinyl coated sheet is 
formed and embossed in a wii 
variety of patterns subsequent 
baking. 

Cost—The materials cost 
dispersion formulations is low 
than that of solution formula 
tions. Cost of resins for dispe) 
sion grades ranges from 28 to 30, 
per lb as compared to 32 to 55, 
Solution 
formulations also require a larger 


for solution grades. 
proportion of strong solvents. 

Uses—Textured organosol coat 
ings have been spray applied to 
the upper instrument panels and 
back panels of fold-down seats of 
sedans and station wagons. The 
material has a leather grain ap- 
pearance and high abrasion re- 
sistance, and is reported to be less 
expensive than a corresponding 
alkyd finish. 

Embossed plastisol coatings are 
widely used on such items as 
radio cabinets, air conditioners, 
file cabinets, and automobile dash- 
boards and kick plates. Some of 
the more popular commercial ap- 
plications of plain plastisol coat- 
ings include: office equipment, 
lawn furniture, refrigerator shel- 
ving, cable, wire harnesses, an- 
chors, battery boxes, and interiors 
of vending, dishwashing and 
laundry machines. Plastisol coat- 
ings for business machines, deco- 
rative panels, luggage and type- 
writers are also planned. 

Some of the more popular in- 
dustrial applications of plastisols 
include: duct work, laboratory 
equipment, assembly fixtures, bus 
bars, impellers and drum interi- 
ors. The sound-deadening char- 
acteristics of plastisols are used 
to reduce the noise level of large 
conveyor rolls. Large tanks that 
must contain corrosive plating 
solutions are sprayed with plasti- 
sols and then baked in over-sized 
ovens. Steel racks and carrying 
hooks are often coated with plas- 
tisols to prevent marring of 
highly polished or finished parts. 
The coatings have also been suc- 
cessfully used on chemical proc- 
essing equipment such as exhaust 
stacks, pipe sections, blowers and 
strainers. 











Wyman-Gordon Co. 
Six steps in forging an aircraft propeller hub of 4340 steel. 


Hot Forged Parts 


Forged parts are widely used in industrial applications. 
They range in weight from a fraction of an ounce to many 
hundred tons, and they are made from a great variety of 
metals and alloys. This 20-page report shows how forg- 
ings are used and gives the information you need to select 
the right material and the right forging method. 


by John L. Everhart, Technical Editor, Materials & Methods 
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@ Forging is the shaping of metal 
by plastic deformation resulting 
from hammering or squeezing 
operations. Although there are 
methods of forging at room tem- 
perature, this manual is restricted 
to the shaping of metal by hot 
working procedures. Hot forging 
can be classified broadly into open 
die or smith forging and closed or 
impression die forging. Closed die 
forging can be subdivided into 
drop and steam hammer forging, 
press forging and upset forging. 
The term “hot forging’ means 
working above the recrystalliza- 
tion temperature of the metal. In 
this range, deformation does not 
harden the metal but does reduce 
the grain size. Minimum re- 
crystallization temperature varies 
with the metal; for iron, it is 
about 840 F, and for aluminum 
300 F. Alloying modifies recrystal- 
lization temperature somewhat. 
Plasticity of a metal increases 
with temperature, and therefore 
less force is required to shape a 
metal as temperature increases. 
However, working temperatures 
must be limited because certain 
undesirable effects accompany in- 
creases in temperature. For ex- 
ample, scaling of steel may be ex- 
cessive at high temperatures. 
Scale is undesirable because it can 
be worked into the surface and/or 
increase wear of the dies. Grain 
growth also increases with tem- 
perature. If the contour of the 
part permits, formation of ex- 
tremely large grains can be pre- 
vented by finishing at a low tem- 


perature. Correct heating implies 
selecting a forging temperature 
range that assures the maximum 
plasticity with mini- 
mum scaling, grain growth and 
surface roughness. 


consistent 


Forgings are produced from 
blooms or billets which have been 
rolled from the original cast in- 
got. During rolling, which for 
steel forging stock generally in- 
volves a reduction in cross-section 
area of at least one-third, direc- 
tional properties are imparted to 
the structure, and soundness and 
uniformity of the material are 
improved. Because of direction- 
ality, strength and ductility of a 
rolled product are greater in the 
rolling direction than across it. 
Directional properties result 
from elongation of the grains and 
certain impurities, such as sul- 
fides, into fibers. Forging opera- 
tions cause additional elongation 
and distortion of these grains and 
fibers, as shown in an accompany- 
ing illustration. This so-called 
“fibering’ is an important char- 
acteristic of forgings, particularly 
those to be used under dynamic 
stresses, and metal flow should 
be controlled to obtain the great- 
est strength in the most impor- 
tant direction. Purchasers often 
specify the direction of fiber flow 
lines, particularly for parts that 
are to be subjected to high stresses 
in service. Because of these direc- 
tional properties, together with 
grain refinement and elimination 
of porosity, forgings usually have 
better mechanical properties than 
castings of the same composition. 


Open Die Forgings 


Open die forgings are gener- 
ally defined as those made be- 
tween two flat dies, but in prac- 
tice also include those made 
between dies which may be 
V-shaped, half round or half oval. 
The term applies also to forgings 
produced between swages that are 
struck by the dies. 

Open die forging was the orig- 
inal forging method and requires 
the simplest equipment. The 
blacksmith forged parts on an 





anvil using various shaped hand 
tools. Modern open die forging 
employs mechanical hammers or 
presses. Open die forging is a 
skilled operation in which the op- 
erator controls the amount of re- 
duction taken under each blow of 
the hammer, decides the pressure 
required and determines when the 
part being worked requires re- 
heating. 

Since each part must be heated 
several times and shaped individ- 
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Drop Forging Assn. 
Grain flow in this connecting rod 
forging is revealed by etching. Fiber 
structure is retained regardless of 
subsequent heat treatment. 


ually, frequently by repeated 
blows, the production rate is low; 
in general, the process is used to 
make a limited number of pieces. 
On the other hand, open die forg- 
ing has the advantage of simplic- 
ity of tooling. It is also applicable 
to a much wider range of sizes 
than closed die forging; parts 
ranging from a few ounces to 
hundreds of tons in weight are 
made. Smaller parts are produced 
either on drop hammers 0 














Open die forgings vary greatly in size 
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Small open die forgings can be pro- 


duced on either hammers or presses. 


Westinghouse Electric Corp. 








Bethlehem Steel Co. 
Large open die forgings like this 110-ft section of a press column are always made in presses. 
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presses, but large parts such as 
airframe sections are always pro- 
duced by squeezing in presses. 
The processes 

Common operations used in pro- 
ducing open die forgings follow: 

Drawing out, by simultaneously 
reducing the cross section and 
elongating the ingot or bloom, 
produces a forging having a 
length considerably greater than 
its diameter. Ductility is greater 
in the longitudinal direction than 
in the transverse direction. Shaft- 
ing is a typical product. 

Upsetting reduces the length 
and increases the cross section of 
a forging. Typical parts are gear 
blanks, flanges and heavy sections 


ane 


ACCEPTABLE 


in rotor forgings. 

Piercing and punching form a 
cavity by forcing a punch into the 
steel. In open die forging termin- 
ology, piercing generally implies 
making a blind cavity by displace- 
ment without actual removal of 
metal. On small parts, this opera- 
tion is often called cupping. 
Punching describes the same op- 
eration when the hole extends 
through the section and a solid 
punch is used to displace and re- 
move metal in the form of a plug. 
In trepanning, a hollow punch is 
used, usually to produce a concen- 
tric cavity along the longitudinal 
axis. 

Drawing increases the length or 


PREFERRED 


Protruding bosses or lugs on one side make open 
die forgings more difficult to produce. 


Note. 


Dotted line indicates sawcut tobe made by customer. 


bo, 


ACCEPTABLE 


a 


ACCEPTABLE 


ee) se 


PREFERRED 


PREFERRED 


T-shaped open die forgings are best made indoubles, 
Lengthof projecting arm determines method of 
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ESIRABLE 
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PREFERREL 


Jie forgings with one-sided tapers should 


ivoided. 


Design considerations for open die forgings. 
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(Aluminum Co. of America) 





























reduces the wall thickness o 
pierced or punched forging. 
heated, pierced slug is forced 0.) 
a mandrel through ring dies 
rollers. High explosive shell 
other ordnance equipment 
made by drawing. 

Hollow forging produces ci 
lar hollow parts by expanding 
an enlarging bar or lengthening 
on a mandrel. Typical parts ar 
chemical retorts, rings, gear tires 
and boiler drums. 

Closing in is used to produce a | 
nozzle on the ends of hollow one- 
piece forgings such as chemica] 
chambers and boiler drums. 

Slabbing means making slabs 
or plate sections that are heavier 
or thicker than those that can be 
produced by rolling on a slabbing 
mill. Typical products are armor 
plate and vault plate. 

In any of these forging methods, 
the amount of reduction affects 
the mechanical properties ob- 
tained in the part. Increasing the 
total reduction accentuates the 
effect of the particular forging 





Alternate methods can be used to 
produce parts. Flow lines show that 
the part produced by drawing out to 
size b and upsetting (top) is stronger 
than the part produced by drawing 
out to size a and machining. 
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(hod on the properties. As re- 
du tion increases in drawing out, 
fo example, the tendency is for 
jn reasing ductility in the longi- 
ty inal direction and decreasing 
ductility in the tangential direc- 


n many instances, there are 
several methods of producing an 
open die forging, some simpler 
than others and therefore lower 
in cost. Unless guided by specifi- 
cation, the forging producer will 
usually use the most economical 
method. Sometimes the method 
chosen will not produce a part 
with the properties required for a 
specific application. An accom- 
panying sketch shows, in solid 
lines, the contour of a simple part 
which could be forged by two 
methods: 1) drawn out to size (a) 
over the length required and ma- 
chined to size or 2) drawn out to 
size (b) and upset to form the 
head. The part produced by the 
second method has greater ductil- 
ity than that produced by machin- 
ing. It also has continuous flow 
lines conforming with the general 
forging contour as opposed to the 
discontinuous flow lines in the 
part produced by machining. The 
superiority of the second method 
over the first is particularly im- 
portant for parts that will be 
heavily loaded in service or sub- 
jected to alternating stresses. 

The above example shows why 
it is advisable for the customer to 
give the producer as much infor- 
mation as possible about test re- 
quirements and service conditions 
under which the forging will be 
used. Such information will en- 
able the producer to select the 
method that gives optimum prop- 
erties for the application. 

Design 

Shapes produced by open die 
forging are generally much simp- 
ler than those produced by the 
closed die process. Tolerances are 
considerably greater since there is 
little or no lateral confinement of 
the stock. Also, there is more 
variation from part to part than 
in closed die forging. 

Shapes vary widely in complex- 
ity. Open die forgings are sup- 





plied to the customer “as forged”’ 
and the final shape is obtained by 
machining. Generally, the pro- 
ducer will prepare, from the draw- 
ing of the finished part, a sketch 
of a forging from which the part 
can be machined. Depending on 


the customer’s demand, this 
forged shape can be simple or 
sufficiently elaborate to approach 
the shape of the final part quite 
closely. Complexity of the “as 
forged” part will determine the 
cost of the part, because forging 
time increases with the amount of 
manipulation required. However, 
complex designs may save suffi- 
cient metal and machining time to 
offset the cost of additional forg- 
ing time. 

Open die forging is facilitated 
by keeping bosses, lugs and tapers 
symmetrical, and by making small 
recesses and notches full. Holes 
generally must be drilled, unless 
they are large and located sym- 


metrically in the part. 

Sometimes better forged prop- 
erties are obtained by forging in 
multiples and sawing to obtain the 
desired part. Parts having lugs 
on one side are difficult to forge, 
and improved results are obtained 
by producing a symmetrical 
double forging which is then 
sawed in half. Similarly, T-shaped 
forgings and forgings with tapers 
on one side are preferably made 
in doubles. 


Commercial open die forgings 
are generally produced in small 
quantities, and trial and error 
methods of design are impractical. 
It is therefore necessary to con- 
sider carefully the factors that 
affect performance of a forged 
part; these include 1) stress con- 
centrations, 2) surface finish, 3) 
section size or material strength, 
4) deflection, 5) steady and alter- 
nating stresses, 6) grinding 
cracks, and 7) heat treatment. 


Closed Die Forgings 


Closed die forgings are pro- 
duced by shaping hot plastic metal 
within closed dies. One advant- 
age of closed die forging over 
open die forging lies in the lesser 
degree of skill required. It is 
easier to train a man for closed 
die forging because the dies are 
engineered to supply much of the 
control of shape, whereas in open 
die forging the hammer man must 
shape the piece with a minimum 
number of simple tools. Another 
advantage is production speed; 
much higher production rates are 
possible with the closed die process 
than with open dies. A _ third 
advantage is the ability to hold 
closer tolerances. 

The processes 

Closed die forgings are gener- 
ally produced by drop or steam 
hammer forging, press forging 
or upset forging. These methods 
are suitable particularly for rela- 
tively long runs of duplicate parts, 
since amortization of the die cost 
is a considerable factor in the 
cost of production. 





Drop and steam hammer forg- 
ings are produced by the action of 
a hammer which forces the hot 
plastic metal to flow into the die 
cavity by a series of impact blows. 
Most commercial closed die forg- 
ings are produced by this method. 

The particular advantage of 
hammer forging is speed of oper- 
ation. Rapid blows permit the 
stock to be worked in many cases 
without reheating, and a single 
die can be used to edge, block and 
finish the part. The “edger” 
forms the bar stock into a suit- 
able shape to fill the die, the 
“blocker” forms a rough contour 
of the part, and the finishing 
cavity forms the part to its re- 
quired shape and size. Flash 
formed during forging is removed 
with special trimming dies on a 
separate machine. 

This method is used to produce 
forgings ranging from less than 
an ounce to several hundred 
pounds in weight. 

Press forgings are essentially 
similar to drop forgings but are 
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Stages in drop hammer forging a riveter frame. 
Metal stock 2% in. in dia and 14 in. long (1) is heated 
to the proper temperature. “Fullering” (2) reduces the 
cross section, elongates the stock to the proper length, 
and gathers the necessary metal at each end to form 





Drop Forging Assn. 
bosses. The fullered stock is bent (3) to conform to th 
impressions in the finishing dies (shown at right), placed 
in the die cavity and forged with several hammer blows. 


After trimming, the finished forging (4) requires only 


drilling of holes in the bosses to complete the part. 





Stages in upset forging a cluster gear blank. A bar 
of stock (1) heated to the correct forging temperature is 
upset in the upper position of the dies to gather stock 
for one end of the gear (2). The smaller end of the 
cluster is finished (3) in the upper center position of the 


Drop Forging Assn. 


dies, the opposite end of the bar is upset (4) in the lower 
die position to gather stock, and the gear blank is finished 
(5) by upsetting and forming the large end in the lower 
center position of the dies. Four-cavity dies are shown 
at right. 

















produced by squeezing in mechan- 
ical or hydraulic presses. This 
method is particularly adapted to 
parts that are quite symmetrical 
and that require only one or two 
operations. 


Frequently, small 





parts having irregular shapes can 
be produced in pairs or larger 
multiples to obtain the symmetry 
required for press forging with a 
minimum of preparatory steps 
(such as edging, blocking, etc.). 
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Press forging operating costs 
are lower than those of drop forg- 
ing. Although die costs are about 
the same for both processes, die 
life for press forging is greater 
than for drop forging. 
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Curtiss-Wright Corp. 
Propeller hub produced by a re- 
cently developed precision die forg- 
ing method that eliminates rough 
cross boring, profiling and several 
barrel forming operations that form- 
erly preceded core hardening heat 
treatment. Based on a production of 
100 hubs per month, the annual cost 
reduction is $79,500. 


International Nickel Co. 
Upsetting a bar gathers stock for 
further operations. The heated bar 
gripped in the holder at right is 
forced against the anvil at left which 
is also moving to left. Difference in 
speed between anvil and ram deter- 
mines the amount of upset. 





Upset forgings are also pro- 
duced by squeezing instead of by 
hammering. The dies not only 
form the impression but also grip 
the stock. Heated bar or rod stock 
is inserted between the movable 
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CROSS SECTION 


Forging terminology that should be used in preparing drawings for parts 
to be forged is shown in plan and cross section views. This example requires 
a set of locked dies because the two pockets at left are separated by a web 
on a different plane from the parting line required for the right-hand portion 
of the part. It is preferable to keep the parting line in a single plane, if 
possible, to avoid the need for locked dies. (Steel Improvement & Forge Co.) 

































Wyman-Gordon Co. 
Largest closed die forgings have been made on this 50,000-ton press. 
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SHRINKAGE AND DIE WEAR 


STANDARD TOLERANCES FOR CLOSED DIE FORGINGS 











Shrinkage Die Wear 
Length or Max Net seit 
Width, in. Commercial, | Close, in. Wt, Ib Commercial, | Close, in. 
in. + or — + Or — in. + or — + Or — 
l 0.003 0.002 l 0.032 0.016 
2 0.006 0.003 3 0.035 0.018 
3 0.009 0.005 5 0.038 0.019 
4 0.012 | 0.006 7 0.041 0.021 
5 0.015 0.008 9 0.044 0.022 
6 0.018 | 0.009 ll 0.047 0.024 
For each additional For each additional 
in. add 0.003 0.0015 2 Ib add 0.003 0.0015 
For example: For example: 
7 0.021 0.011 13 0.050 0.026 
12 0.036 | 0.018 21 0.062 0.031 














Shrinkage and die wear tolerances shall not be applied separately. They shall be applied as 
the sum of the two and shall be measured in such a way as to eliminate draft or variations 
in draft. They apply to that part of the forging formed by a single die block, and to no 


dimension crossing the parting plane. 


DRAFT ANGLE 





Drop Forgings 


Outside, deg | Inside Holes, deg/ Outside, deg 


Upset Forgings 


Inside Holes, deg 























Nominal angle 7 7 or 10 3 5 
Commercial limits 0—10 | 0—13 | 0—5 08 
Close limits 0—8 | 0—8 04 0—7 

MISMATCHING 

Net weight up to Commercial, in. | Close, in. 

1 Ib 0.015 | 0.010 

7 Ib 0.018 | 0.012 

13 Ib 0.021 | 0.014 

19 Ib 0.024 | 0.016 

For each additional 6 Ib add 0.003 | 0.002 

For example: 
37 Ib 0.033 | 0.022 
55 Ib 0.042 | 0.028 








Mismatching is the displacement of a point, in that part of a forging formed by one die 
block of a pair, from its desired position when located from the part of the forging formed 
in the other die block of the pair. Mismatching does not include any displacement caused by 
variation in thickness of the forging, but is only the displacement in a plane parallel to 
the main or fundamental parting plane of the dies. 

Mismatching tolerances are independent of, and in addition to, any other tolerances. 











QUANTITY 
Number of Pieces Over-Run Under ’ 
on Order No. of Pieces 
12 l __ 
3—5 2 ] 
6—19 3 | 
20—29 4 2 
30—39 5 2 
40—49 6 3 
50—59 7 3 
60—69 8 4 
70—79 9 4 
80—99 10 5 
: Percent 
100—199 10 5.0 
200—299 9 45 
300—599 8 40 
600—1249 7 3.5 
1250—2999 6 3.0 
3000—9999 5 2.5 
10,000—39,999 4 2.0 
40,000—299,999 3 1.5 
300,000 up 2 1.0 
Quantity tolerances shall be the permissible 
over or under-run allowed for each release 
or part shipment of an order. Any shipping 


quantity within the limits of over and 
under-run shall be considered as completing 
the order. Commercial and close tolerances 
shall be the same amounts. 


NOTES 

Standard tolerances given on these 
pages are for forgings up to 100 lb. 

Special tolerances may be speci- 
fied when regular tolerances are not 
applicable. Regular tolerances, shown 
here, are classed as “Commercial 
Standard” and “Close Standard.” 


Source: Drop Forging Assn. 





and stationary dies with sufficient 
material projecting beyond the 
gripping portion of one of the 
dies to fill the cavity after upset- 
ting is complete. A header ram 
then pushes the dies together and 
squeezes the end of the rod or bar 


into the desired form. It is pos- 
sible to enlarge the cross section 
at areas other than the end of the 
bar by locating the cavity accord- 
ingly. Simple parts can be formed 
in one operation, but as many as 
five steps may be required to form 
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a complicated shape. Forgings 
weighing from a few ounces to 
about 500 lb are produced by up- 
setting. 

Upset forging is used to pro- 
duce the following types of parts 
1) simple forgings made in 
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THICKNESS 
Commercial, in. | Close, in. 
x — —— ——— a — —_ _—- 
wt 
Minus Plus Minus Plus 





2 | 0.008 | 0.024 | 0.004 | 0.012 
1.4 | 0.009 | 0.027 | 0.005 | 0.015 
& | 0.010 | 0.030 | 0.005 | 0.015 
8 

0 


0.011 | 0.033 | 0.006 | 0.018 
L. 0.012 | 0.036 | 0.006 | 0.018 
0 | 0.015 | 0.045 | 0.008 | 0.024 


30 | 0.017 | 0.051 | 0,009 | 0.027 
4.0 | 0.018 | 0.054 | 0.009 | 0.027 
50 | 0.019 | 0.057 | 0.010 | 0.030 
10.0 | 0.022 | 0.066 | 0.011 | 0.033 
0.0 | 0.026 | 0.078 | 0.013 | 0.039 
0.0 | 0.030 | 0.090 | 0.015 | 0,045 


40.0 | 0.034 | 0.102 | 0.017 | 0.051 
50.0 | 0.038 | 0.114 | 0.019 | 0.057 
60.0 | 0.042 | 0.126 0.021 | 0.063 
70.0 || 0.046 | 0.138 | 0.023 | 0.069 
30.0 | 0.050 | 0.150 | 0.025 | 0.075 
00.0 | 0.058 | 0.174 | 0.029 | 0.087 








Thickness tolerances for drop hammer forg- 
ings apply to the over-all thickness measured 
in a direction perpendicular to the funda- 
mental parting plane of the dies. For upset 
forgings, thickness tolerances apply to the 
metal actually enclosed and formed by the 
dies, measured parallel to the direction of 
travel of the ram. 


FILLET AND CORNER 








Max Net Commercial, 

Weight in. Close, in. 
0.3 Ib ¥3 You 
1.0 Ib A) Ye 
3.0 Ib Vo Yea 

10.0 Ib at: ¥32 

30.0 Ib Yo Vea 

100.0 Ib VY Ye 





Fillet and corner tolerances apply to all in- 
tersection surfaces even though drawings or 
models indicate sharp corners. If such draw- 
ings or models have or indicate fillet or cor- 
ner dimensions of larger radii than these 
standards, such larger dimensions shall be 
considered as actually specified and the tol- 
erances shall be “‘special tolerances.” 


Where a corner tolerance applies on the 
meeting of two drafted surfaces, the toler- 
ance shall apply to the narrow end of such 
meeting and the radius will increase toward 
the wide end. The total increase in the 
radius will equal the length of the drafted 
surface in inches multiplied by the tangent 
of the nominal draft angle. 





single operation, such as rivets 
and grinding balls, 2) parts 
forged on the end of a bar in mul- 
tiple operations, such as eye and 
tee bolts, 3) short shank parts 
forged in multiple operations, in- 
cluding gear blanks with hubs, 4) 


parts having holes forged in mul- 
tiple operations, such as nuts, 
clutch rings and pipe couplings, 
5) parts having deep recesses that 
do not pierce the part, including 
socket wrenches and drag links, 
and 6) tubing upset to increase 
wall thickness, such as line pipe 
and welding necks. 

Design 

Closed die forgings are pro- 
duced in steel dies in which the 
shape of the part is sunk (hol- 
lowed out) to form the die im- 
pression. The dies must be de- 
signed to shape the part in the 
easiest possible manner, to control 
direction of flow of the metal, and 
to hold required tolerances. For 
a small part, a single die may con- 
tain all of the impressions re- 
quired to perform preliminary 
forming, blocking and finishing 
operations. For a large part, 
however, several dies may be re- 
quired. Die blocks are usually 
made from alloy steel that has 
been forged to provide uniform 
properties. 

A fundamental aim in design is 
to divide the impression as equally 
as possible between the top and 
bottom dies in order to obtain the 
proper distribution of grain flow. 
It is desirable to keep the parting 
line (flash line between the dies) 
in one plane to facilitate trim- 
ming the flash. However, it is 
possible to part a forging in two 
or more planes if necessary for 
an unusual shape. 

To permit removal of a forging 
from the die cavity, it is neces- 
sary to taper the vertical sides. 
Draft is generally specified as 7 
deg on the outside and 10 deg on 
the inside. However, draft can be 
varied considerably. Depending 
on the material and the design of 
the part, draft angles of less than 
1 deg and as high as 15 deg have 
been used. 

Metal flow in forging opera- 
tions generally changes direction 
at radii and fillets. Therefore, 
good design calls for large radii 
to promote the production of 
sound forgings. Sharp radii and 
fillets not only increase the chance 
of defective forgings but also 
cause excessive die wear. 


To form a recess or pocket in a 
forged part a corresponding raised 
section must be machined into the 
die. Flow of metal is restricted 
by these raised sections and it is 
desirable to provide generous 
sweeps and maximum § draft 
angles. Because these raised die 
sections may be heated to consid- 
erably higher temperatures than 
the rest of the die, rapid wear 
can occur. This will result in the 
formation of shallower impres- 
sions on successive parts. 

Formation of a rib on a forged 
part requires a corresponding thin 
pocket in the die. As the metal 
flows into this pocket, it may be 
cooled sufficiently to reduce the 
flow, with the result that the rib 
section may not be completely 
filled. Ribs should be designed as 
low and as wide as possible. It is 
also desirable to use full top radii 
and large draft angles on the rib 
sides. 

The Drop Forging Assn. has 
established standard tolerances 
for closed die forgings to be used 
in the production of commercial 
and close tolerance parts. Toler- 
ances for thickness, die wear, mis- 
matching, draft angles, fillets and 
corners, and quantity are given in 
the accompanying tables. Toler- 
ances obtainable are influenced by 
1) differences in shrinkage from 
one forging to another, 2) die 
temperature, 3) finish forging 
temperature, 4) mismatch, 5) die 
closure, 6) die wear, and 7) dis- 
tortion during heat treatment. 

By suitable planning, forging 
costs and waste of metal can be 
reduced. In the production of 
multiple forgings, for example, 
correct grouping of the parts can 
reduce flash, and possibly the 
number of preforming operations. 
Another technique is forging two 
interdependent parts together. 
This method has been used to 
produce bevel gears and pinions 
as a unit, reducing die costs and 
using littke more material than 
would be required for one part 
alone. In ring forging, material 
can be saved by piercing the pan- 
cake in such a way that the mate- 
rial removed can be used to pro- 
duce a smaller ring. 
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American Brake Shoe Co. 


Combination universal joint and drive shaft is made 
by upset forging the fingers, hammer forging the shaft. 


Rear axle for tractor is forged from tube stock to save 
weight and material. 


American Brake Shoe Co. 


Steel forgings: typical parts . 


ay, 


Bethlehem Steel Co. 


American Brake Shoe Co. 


Fan bracket for tractor is forged with deep ribs, pierced 
slots and hole to reduce weight and machining time. 


C-clamp is forged from hot rolled 1045 steel bar having 
a Brinell hardness of 235 to 269. Bending before forging 
retains best fiber direction. This steel is suitable for a 
wide range of sizes, is readily forged and yields long di: 
life. 


J. H. Williams & Co. 
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. and some redesigns 


Auger couplings for earth drilling equipment. 


Old: Cast steel 


New: Forged A4140 steel heat treated to Rockwell C25-30 
Advantages: Closer tolerances, lower cost, 90% reduction 


in rejects, 


Drop Forging Assn. 


Drop Forging Assn. 


Dental chair parts shown here are lock and slide levers 


for head and back rests. 


Old: Cast steel 


New: Forged SAE 1020 and 1045 steels. Head rest lock 


and slide levers are heat treated to Rockwell C60 

Advantages: Parts require chromium plating and surface 
finish is important. Cast parts had high rejection rate 
because of pitted surfaces; forged parts have improved 
surface finish and rejection rate is much lower. Forged 
parts are produced in less time and with less material. 


American Brake Shoe Co. 


Part for trailer axle of large tan- 
dem trailer. 


Old: Cast steel 

New: Forged steel 

Advantage: Lower breakage, greater 
strength, lighter weight 





Materials for Forgings 


One of the principal advantages 
of forgings is the wide range of 
materials that can be employed. 
Literally hundreds of alloys can 
be shaped under the forging ham- 
mer or press. Some of the major 
Classes of forging materials are 
discussed briefly in the remainder 
of this manual. All of these ma- 
terials, despite individual differ- 


ences, have certain requirements 
in common: the forging stock, be 
it billet, bloom, bar or extrusion, 
must be hot workable and it must 
be internally sound and free from 
surface defects. 
Iron and steel 

The first forgings were prob- 
ably made of iron, and ferrous 
metals are still used for most 


forgings. In fact, more than two- 
thirds of all forgings are pro- 
duced from carbon steels; alloy 
steels make up a considerable por- 
tion of the remaining tonnage. 
(For information on forging 
steels, consult the ASTM Stand- 
ards listed on page 144.) The dis- 
cussion on forging processes and 
design in the preceding sections 
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applies particularly to ferrous 
metals, and the tolerances given in 
the tables, though applicable to 
other metals, were also developed 
for ferrous alloys. Modifications 
required in forging other mate- 
rials will be discussed in later 
sections. 

Carbon steels—Straight carbon 
steels are the most economical 
steels produced and are widely 
used. They are classified roughly 
into three groups: 1) low carbon 
steels, containing up to 0.20- 
0.25% carbon, 2) medium carbon 
steels, containing 0.25 to 0.50% 
carbon, and 3) high carbon steels. 

Low carbon steels are employed 
extensively for parts requiring 
moderate strength. They are used 
without heat treatment but can 
be carburized for additional sur- 
face hardness. Typical forgings 
produced from low carbon steel 
are wrist pins, covers, machine 
arms, latches and cams. 

Medium carbon § steels’ are 
stronger than the low carbon 
grades and can be heat treated to 
improve properties. They are 
probably the most widely used 
steels. Applications include shafts, 
valves, connecting rods, machine 
parts and gear blanks. 

Higher carbon steels are always 
used in the heat treated condition 








to obtain high strength and im- 
proved wearing properties. These 
steels are particularly adapted to 
the production of large forgings 
with heavy cross sections. Appli- 
cations include diesel engine 
parts, large shafting and valves. 

Alloy steels—Commercial alloy 
steels comprise a wide range of 
compositions based on the addi- 
tion of nickel, chromium, molyb- 
denum, vanadium or other ele- 
ments in various combinations. 
The carbon content of these steels 
falls in the same ranges as it does 
in the straight carbon steels. 
Alloying elements are added to 
steel to increase hardenability or 
to improve such properties as 
strength, toughness and wear re- 
sistance. The advantages of alloy 
additions are obtained only by 
heat treating the forgings. Al- 
though increasing the alloy con- 
tent generally increases strength, 
it also increases the difficulties of 
forging, heat treating and ma> 
chining. 

Alloy steels are generally se- 
lected for highly stressed parts of 
machines, engines, transportation 
equipment, etc. Selection of the 
best grade depends on design and 
shape of the part, type of wear 
expected, static or dynamic serv- 
ice conditions, and the service 





life which is expected. 
Stainless steels 
steels can be grouped into 
straight chromium §hardena 
grades, 2) chromium 


- The stainl: ss 


straight 
nonhardenable grades, and 
nonhardenable chromium - nicke] 
grades. Most of these alloys can 
be readily forged. Although they 
are considerably more expensive 
than the lower alloy steels, their 
increased resistance to corrosion 
and oxidation often justifies their 
use. 

Stainless steel forgings are 
widely used for valves, fittings, 
pressure vessels and similar appli- 
cations in the process industries, 
oil fields, sewage plants, etc. 

Tool steels—Quite a number of 
proprietary tool steels are forged 
into die blocks. This is a highly 
specialized portion of the forging 
industry, and the die block pro- 
ducer should be consulted in de- 
termining the proper grade of 
steel to use. Applications include 
press and hammer dies, gripper 
and header dies, extrusion dies, 
nosing dies and hot punches. 

Wrought iron—Any of the com- 
mon forging methods can be used 
in producing parts from wrought 
iron. It is an easy metal to forge, 
although forging temperatures 
are higher than those used for low 


























ASTM Specifications Covering 


Carbon and Alloy Steel Ring 
and Disk Forgings 




















Carbon Steels A 243-55 
A21-55T Carbon Steel Axles, Non-Heat Treated 

for Railway Use A 288-55 
A105-55T Forged or Rolled Steel Pipe Flanges, Forged 

Fittings and Valves and Parts for High Tem- A 290-55 

perature Service 
A181-55T Forged or Rolled Steel Pipe Flanges, Forged A 291-55 

Fittings and Valves and Parts for General 

Service A 292-55 
A 235-55 Carbon Steel Forgings 

for General Industrial Use A 293-55T 
A 236-55 Carbon Steel Forgings for Railway Use 
A 266-55 Carbon Steel Seamless Drum Forgings A 294-55 
A 273-54 Carbon Steel Blooms, Billets 

and Slabs for Forgings A 350-55 
Carbon and Alloy Steels 
A 234-52aT Factory Made Wrought Carbon Steel A 372-55T 
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Carbon and Alloy Steel Forgings for Mag- 
netic Retaining Rings for Turbine Generators 
Carbon and Alloy Steel Forgings 

for Rings for Reduction Gears 

Carbon and Alloy Steel Forgings 

for Pinions for Reduction Gears 

Carbon and Alloy Steel Forgings 

for Turbine Generator Rotors and Shafts 
Carbon and Alloy Steel Forgings 

for Turbine Rotors and Shafts 

Carbon and Alloy Steel Forgings 

for Turbine Bucket Wheels 

Forged or Rolled Carbon and Alloy Steel 
Flanges, Forged Fittings, and Valves and 
Parts for Low Temperature Service 
Carbon and Alloy Steel Forgings 

for Pressure Vessel Shells 






Forgings are widely used for stressed parts at high temperatures 
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of é onal Nickel Co. Westinghouse Electric Corp. a 

sed Turbine buckets for turbojet engines to withstand tem- Pinion forged from Discaloy and finish machined. Other 

hly peratures of 1600 F and centrifugal forces near 25,000 applications include turbine disks, springs and extrusion 

ing psi require heat resistant alloys. Buckets like these are die parts. 

ro- forged from Inconel X, Nimonic 80A, Stellite 21, N-155, 

de- S-816, Waspaloy and 25-16-6. 

of 

ude 

‘a carbon steels. A typical applica- materials, many of them proprie- their forging characteristics. 
tion is draw bars for locomotives. tary. Since they are designed to High temperature alloy forgings 

- Forging is also used to flange retain usable strengths for long are used for various aircraft en- 

aad wrought iron pipe ends to form periods at temperatures ranging gine parts, including disks and 

ght Van Stone joints. up to 1500 F, they do not become turbine blades. 

ge, High temperature alloys as plastic as steels and, conse- Nickel, nickel alloys 

ires The high temperature alloys quently, cannot be forged as read- Forging procedures for nickel 

low are a large group of highly al- ily. However, they are closer to alloys are similar to those for steel. 
loyed iron, nickel or cobalt-base the steels than to other alloys in However, high nickel alloys are 





. Forged Materials 


ng 
Alloy Steels Wrought Iron 
A 182-55T Forged or Rolled Alloy Steel Pipe Flanges, A 73-55 Wrought Iron Rolled or Forged Blooms 
fag- Forged Fittings, and Valves and Parts and Forgings 
for High Temperature Service . 
tors . ' Nickel 
A 237-55 Alloy Steel Forgings for 
General Industrial Use B 160-49T Nickel Rods and Bars 
A 238-55 Alloy Steel Forgings for Railway Use B 164-49T Nickel-Copper Alloy Rods and Bars 
A 274-54 Alloy Steel Blooms, Billets B 166-49T Nickel-Chromium-Iron Alloy Rods and Bars 
and Slabs for Forgings Co i 
A 298-55 Alloy Steel Forgings for Nonmagnetic Coil sing a 
2 Retaining Rings for Turbine Generators B 124-55 Copper and Copper Alloy Forging Rod, 
A 336-55T Alloy Steel Seamless Drum Forgings Bar and Shapes 
B 283-56 Copper and Copper Alloy Die Forgings 
Alley and Stainless Steels (Hot Pressed) 
A 369-55T Ferritic Alloy Steel Forged and Bored Pipe Sisal 
l for High Temperature Service enpennte 
d B 247-55T Aluminum Alloy Die Forgings 
Stainless Steels 
A314-55 Corrosion Resisting Steel Billets and Magnesium 
Bars for Reforging B91-56T Magnesium-Base Alloy Forgings 
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Brass forgings: typical parts . 


Chase Brass & Copper Co. 


Pressing in closed dies is used in the production of practically all copper alloy forgings. Hammer closed die 
forging is seldom used and open die forging is confined to production of a limited number of special machine parts. 





considerably stiffer than steel at 
forging temperatures, and it may 
be necessary to use heavier equip- 
ment for some parts than is re- 
quired in working steel. Forging 
temperatures generally range 
from 2300 to 1600 F, but depend 
on the composition. Nickel and 
monel can be finished in certain 
cases as low as 1200 F. Furnace 
atmosphere is important in heat- 
ing nickel alloys for forging; high 
nickel alloys must be heated in 
atmospheres having low sulfur 
contents. 

Forged parts are produced from 
nickel, monel, Inconel, K monel, 


Duranickel and Inconel X. K 
monel, Duranickel and Inconel X 
are precipitation hardenable al- 
loys and should not be cooled 
slowly following hot working. 

These materials have a wide 
range of applications, particularly 
for resistance to corrosion. Almost 
any shape that can be forged in 
steel can be duplicated in the 
nickel alloys. Typical applications 
include turbine blades, conveyor 
chain links, rings, hooks, pipe 
fittings, valves and valve trim. 
Copper, copper alloys 

Most copper alloy forgings are 
made by pressing in closed dies. 
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Hammer closed die forging is 
seldom used, and open die forging 
is confined to production of a 
limited number of special machine 
parts. The major copper alloys 
used in forgings are _ copper, 
Muntz metal, forging brass, naval 
brass, manganese bronze, silicon 
bronzes and nickel silver 45-10. 

Generally an extruded bar is 
used as the forging stock. This 
stock is forged in the range 1400 
to 1600 F, depending upon compo- 
sition. Considering such factors 
as hot plasticity, die wear and 
pressure, forging brass is the 
easiest to forge and high silicon 





is 
ring 
f a 
1ine 
loys 
per, 
aval 
icon 
-10. 
ry 
This 
400 
1po- 
tors 
and 
the 


icon 


_., and some redesigns 


Titan Metal Mfg. Co. 
Main valve seat for fire plug. 


Old: Sand-cast brass 

New: Forged brass 

Advantage: Because sand-cast pegs bent easily, fire plug 
did not operate correctly. Increased strength of forgings 
overcame difficulty and reduced cost of part 


Drop Forging Assn. 
Collar for autoclave. 


Old: Cast brass 
New: Forged brass 
Advantages: Simplified production, less material required, 


and improved surface quality produced an over-all cost 
saving of 25% 


Valve control rings for 
use in a safety valve. Two 
rings at left are forged; 
two at right are cast. 
Old: Cast brass 

New: Forged brass 
Advantage: 33% cost re- 
duction through less clean- 
ing and machining 


Copper & Brass Research Assn. 
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COMMERCIAL TOLERANCES FOR HOT PRESSED COPPER 
AND COPPER ALLOY FORGINGS* ” 
































| High (Aluminum) Nickel 
Copper | Brasses*| Silicon | Silicon Silver 
| Bronze | Bronze 45-10 
Tolerances, in. 
Forging Type — 

1—Solid 0.010 0.008 0.012 0.010 0.008 
2—Solid—Symmetrical Cavity 0.010 0.008 {| 0.012 0.010 0.008 
3—Solid—Eccentric Cavity 0.012 0.008 0.012 0.012 0.008 
4—Solid—Deep Extrusion 0.012 0.010 0.014 0.012 0.010 
5—Hollow—Deep Extrusion 0.012 0.010 0.014 0.012 0.010 
6—Thin Section—Short (up to 6 in.) 0.012 0.010 0.014 0.012 0.010 
7—Thin Section—Long (6 to 14 in.) 0.015 0.015 0.020 0.015 0.015 
8—Thin Section—Round 0.012 | 0.010 0.014 0.012 0.010 

Machining Allowance (one surface) Yn | Yap Yao 32 Ya 
Flatness, max deviation per in. 0.005 0.005 0.005 0.005 0.005 
Concentricity, total indicator reading 0.030 | 0.020 | 0.030 0.030 0.030 
Draft Angle (outside and inside, 1-5deg) | %deg | “deg | Ydeg | Ywdeg | % deg 

Dimensions and Tolerances, in. 

Nominal Web Thickness, in.4 Y32 \% A 32 \% 

Nominal Fillet and Radius, in. Yay Vg Y, % | Ye 

Approx Flash Thickness, in. As Yea | Yea "gs You 

















forgings. 


dTolerance is 1/64 in. 





1. Solid 
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4. Deep Extrusion- 
Solid 
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Source: Copper & Brass Research Assn. 











| | J 

















6. Thin - Short to 6in. 
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2. Solid with Symmetrical 
Cavity 


5.Deep Extrusion-Hollow 





@ 


( 


aSmall forgings up to 2 lb incl. Consult producer for tolerances applicable to heavier 


bTolerances are plus and minus. For all plus or all minus tolerances, double values given. 
eMuntz metal, forging brass, naval brass, leaded naval brass, manganese bronze. 


3. Solid with Eccentric 


Cavity 


0) 
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7, Thin-Long ,6 to 14 in. 





Kress 
8.Thin- Round 
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bronze the most difficult of t} 
materials mentioned above. 

that 
commercially on 


Tolerances can be mait 
tained coppr 
alloy forgings weighing up to 2 | 
are given in the accompanyin 
table. The producer should b 
consulted for tolerances applicabk 
to larger sizes because they ar 
affected by shape and other fac- 
tors. These tolerances differ some- 
what from those suggested by th. 
Drop Forging Assn. 

Selection of the proper copper 
alloy depends on the properties 
desired in the finished part. For 
example, copper would be selected 
if a major requirement were high 
electrical conductivity, naval brass 
for corrosion resistance in marine 
environments, and a leaded alloy 
such as forging brass for eco- 
nomical machining. 

Copper and copper alloy forg- 
ings are used for plumbing fit- 
tings, chemical and food process- 
ing equipment, refrigeration 
equipment, hardware, marine fit- 
tings, ete. 

Aluminum, aluminum alloys 

In general, aluminum alloys are 
forged by the procedures de- 
scribed for steel. However, forg- 
ing temperatures are lower, rang- 
ing from 750 to 900 F. The exact 
temperature varies with the alloy 
and for best results must be 
closely controlled. The metal is 
not as plastic as steel at the forg- 
ing temperature; therefore, heav- 
ier presses and more massive dies 
are required than would be needed 
to produce the same part from 
steel. Reasonable die life can be 
obtained, however, because of the 
moderate forging temperature. 
Tolerances that can be maintained 
on aluminum alloys are given in 
the tables on page 150. 

Aluminum forging alloys gen- 
erally contain copper, silicon or 
both, and small quantities of mag- 
nesium. Other elements are some- 
times added to impart specific 
properties to the alloy. The major 
forging alloys are 2014, 2018, 
2218, 2025, 4032, 6151, 6061 and 
7075. 

Alloy 2014 is recommended for 
general structural applications. It 
has reasonably good forging qual- 


ice) 
























and good machinability. Alloy 
is the easiest to forge of all 





ercial aluminum alloys and 
xcellent machinability. It is 
cularly suited for low cost 
that do not require ex- 

ely high strength. Alloy 7075 
high strength forging alloy 

h is less readily forged than 

h other alloys and is more costly. 
used where its high proper- 
justify the additional manu- 
facturing expense. Alloys 2018, 
9918 and 4032 withstand high 
stresses at elevated temperatures. 
Alloy 2025 is a special purpose 
material used only for aircraft 
pellers, impellers and similar 

‘ts. 

Some indication of the applica- 
tions of aluminum forgings are 
given in the previous paragraph. 
Specific applications include air- 
raft engine crankshafts, pistons 

internal combustion engines, 
supercharger impellers, aircraft 
propellers, wing sections and cyl- 
nder heads. 
Magnesium alloys 

Forging practice for magnesium 
alloys is similar to that for alu- 
minum. However, some of the 
stronger alloys cannot be hammer 
forged and are therefore formed 
by pressing. Magnesium alloys 
have narrow plastic ranges and 
forging temperatures must- be 
closely controlled within the range. 
















Aircraft components forged from 2014 aluminum 
fitting, vane assembly and hinge support. 


Magnesium alloys differ from difficult to form; the design should 
aluminum because repeated re- be kept as simple as_ possible. 
heatings may cause. excessive Suggested tolerances for magne- 
grain growth. Consequently, most sium alloys are given in the tables 
magnesium forgings are produced on the following page. 
with only two or three forging Magnesium forging alloys gen 
operations. Since magnesium does erally contain aluminum and zinc 
not flow as readily as aluminum, with or without minor additions 
radical changes in section are of other elements. The ASTM 

















Titan Metal Mfg. Co. 
Cored brass forgings of simple shape produced by special die arrangement 
(threads were machined). Cored forging, a relatively recent development, 
permits the formation of hollow or tubular parts during pressing. A closed 
die is equipped with pegs that are positioned mechanically just before pressure 
is exerted. The brass is deformed plastically to flow around the pegs and fill 
the die cavity. Pegs are withdrawn automatically before die opens. Various 
components can be produced by cored forging but in most cases it is necessary 
to leave a web of metal about 3/32 to 1/8 in. thick between punches entering 
the forging from opposite sides. 


Kaiser Aluminum & Chemical Corp. 
and heat treated to the T-6 condition. From left to right: splice 
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lists the following forging alloys: 
TA54A, AZ31B, AZ61A, AZ80A 
and ZK60A. 

Alloy TA54A is the best mag- 
nesium alloy for hammer forging. 
AB31B better 
characteristics 


has press forging 
than the 
alloys and can also be hammer 
forged. AZ80A is suitable for 
press forgings of relatively simple 


design in which high strength is 


other 


required. Alloy ZK60A has ex- 
cellent press forging properties 
and the best combination of 


strength and ductility of the mag- 
nesium forging alloys. 
forgings used 


Magnesium are 


particularly for structural parts, 
engine components and fittings in 
aircraft. 
Titanium 

The forging of titanium and its 
alloys has reached the production 
stage, and informa- 
tion on procedures is available. In 
flow characteristics, titanium is 
closer to aluminum than to steel. 
Titanium alloys are comparable 


considerable 





STANDARD TOLERANCES FOR LIGHT METAL FORGINGS 


LENGTH OR WIDTH 





















































Exterior Interior Step and Center 
Dimension, Dimensions, in. Dimensions, in. Dimensions, in. 
in. 
Plus Minus Plus Minus Plus or Minus 
Up to § 0.032 0.016 0.016 0.032 0.016 
Over 8, add per in. 0.004 0.002 0.002 0.004 0.002 
For example: 
24 0.096 0.048 0.048 0.096 0.048 
60 0.240 0.120 0.120 0.240 0.120 
96 0.384 0.192 0.192 0.384 0.192 
STRAIGHTNESS MISMATCH 
Length, in. Tolerance, in. Magnesium, Aluminum, Tolerance, 
Ib) > Ibs) ¢ in. 
0 up to 9 Vos 
9 up to 18 Vy, 0 up to 1 0 up to 1 0.015 
18 up to 30 You l up to 5 1 up to 7 0.018 
30 up to 45 AG 5 up to 9 7 up to 13 0.021 
45 up to 60 V2 9uptol3 | 13 upto 19 0.024 
60 up to 80 7 13uptol7 19 up to 25 0.027 
17 up to 21 25 up to 31 0.030 
21 up to 25 31 up to 37 0.033 
DIE CLOSURE 25 up to 29 37 up to 43 0.036 
29 up to 33 43 up to 49 0.039 
33 37 49 5 0.042 
Magnesium,* Aluminum,» |T0lerance, in. _ sued 
Ib lb Plus | Minus = weight . Long, narrow fors~ 
ing may require larger mismatch tolerances. 
To be determined by forging vendor. 
0 upto % 0 up to% 0.032 | 0.010 bMagnesium: for each 1-1/3 lb exceeding 37, 
% up to | Y%uptol | 0.032 | 0.015 add 0.001 in. to tolerance. 
cAl num: for h 2 lb exceeding 55, add 
1 up to 3 lupto4 10.045 | 0.032 aan te tes: keine ee a 
3 up to 11 4uptol7 {0.002 | 0.032 
11 up to 16 17 up to 24 =| 0.078 | 0.032 
16 up to 33 24 up to 50 | 0.093 | 0.032 oer’ ARCS 
33 up to 67 50 up to 100 |0.125 0.045 ft A 4 
67 up to170 | 100 up to 250 | 0.187 | 0.062 cides rareneae 
170 250 0.250 0.062 Up to 3 deg + deg 
3 deg and above + 1 deg 


aNet weight of forging. 


Aluminum Co. of America 


Source: 
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aluminum in for 
the 


used. 


With T7075 


properties, and same eq 
Special 
must be used for several reas; 


ment can be 
1) differences in shrinkage , 
acteristics, 2) difficulty in f 
ing thin sections because of ra. jd 
work hardening, and 3) need “oy 
large radii and fillets because oj 
difficulty in filling die contours 
Intricate forgings generally 
quire more stages in 
than in steel. 

Because titanium is a reactive 
metal, heating for forging must 
be done rapidly to prevent absorp- 
tion of oxygen and nitrogen and 
resulting formation of a hard sur- 
face skin. Also, hydrogen content 
of the atmosphere must be low to 
prevent embrittlement. Forging 
temperatures range from 
1550 to 1650 F and must be con- 
trolled closely. Flash should be 
removed while the forging is still 
warm, and a relief heat 
treatment at 1100 to 1300 F should 
follow as soon as possible. 

The principal forging alloys are 
4 manganese-4% aluminum; 6 
aluminum-4% vanadium; and 2 
iron-2 chromium-2% molybdenum. 
Commercially pure titanium is 
also forged. 

Applications of titanium forg- 
ings have been limited generally 
to aircraft components. Parts in- 
clude blades, engine 
rings, disks, torque 
arms, structural parts and fittings. 


titanium 





about 


stress 


compressor 
compressor 
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Why large aluminum forgings are used: two case histories 
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x Photos courtesy Wyman-Gordon Co. 
t , ‘ 5 aca oo lhe ; i 7 
Delta wing spar forging of 7075-T6 aluminum for F-102A supersonic interceptor 
i- is 10 ft, 6 in. long and 18 in. wide with webs 3/16 in. thick. 
. Old: Assembly of 64 pieces and 800 rivets 
New: One piece forging produced on 35,000-ton hydraulic press 
Tt 


Advantage: Four forgings are used in each plane, saving 100 lb in weight 


le 


ie 





Source: Aluminum Co. of America 


Cross sections of forged aluminum parts show advantages of close tolerances 
and reduced draft achieved by pressure forging in heavy presses. 





Old: Conventional forging (top) 
New: Close tolerance forging 


Advantages: Thinner web and ribs save 20% in machining cost, 25% in material 





Lewis, K. G., “Manufacture of Small Drop Motherwell, G. W., Smith, C., and Crowther, J., “Production of 


“Close Tolerance Forg- 


Forgings,”” Metal Treatment, Jan '55, p 21, 
and Feb °55, p 61. 
Manual of Open Die Forgings, Open Die 
Forging Industry, 1949. 
Metal Quality, 3rd edition, Drop Forging 
Assn., 1953. 


Metals Handbook, 1948 edition, American 


Society for Metals. 





” 


ing,”’ Aircraft Production, Dec °55, p 478. 
Naujoks, W. and Fabel, D. C., Forging 
Handbook, American Society for Metals, 
1939, 
Seafati, A. A., “‘How to Get Good Results in 
Forging High Temperature Alloys,” Iron 
Age, Sept 8, 1955, p 67. 





Large Forgings in Aluminum Alloys,” Jnl. 
Royal Aeronautical Society, Sept °55, p 604. 

Standard Practices and Tolerances for Im- 
pression Die Forgings, Drop Forging Assn., 
Feb ’55. 

Wright, J. P., and Rustay, A. L., “Intricate 
Titanium Parts Now Forged in Presses,”’ 
American Machinist, May 21, 1956, p 113. 


1957 « 153 





MARCH, 



























Typical titanium forgings are... 





Photos courtesy Steel Improvement & Forge Co. ‘ ; P , 
Compressor disk for turbojet engine, forged from | 


@. 


Landing gear torque arm, forged Jrom alloy containing tanim alloy containing 4 manganese and 4% aluminum. 


, 4 


, manganese and 4% aluminum; it weighs 2.6 lb. 


Compressor rotor blade for jet engine, forged 
from titanium alloy containing 2 iron, 2 chromium 
and 2% molybdenum; it weighs 0.28 lb. Forged in a 
the same dies, 430 stainless blade weighed 0.47 lb. 





Bearing cover for jet engine, forged from com- 
mercial titanium. Titanium is more like aluminum 
than steel in its resistance to plastic flow. 
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Dially! Phthalate Molding Materials — Materials Data Sheet 























iallyl| phthalate (DAP) thermosetting molding materials are primarily be coupled with good retention of these properties after exposure to humidity 
ntended for electrical or electronic uses where high arc resistance, low or moisture. Because of their low mold and post mold shrinkage the materials 
lielectric loss, high dielectric strength erd geod mechanical prcperties must can be easily molded around large inserts without cracking. 
Type ASTM Test Orlon-Filled Dacron-Filled | Asbestos-Filled | Glass Fiber-Filled 
PHYSICAL PROPERTIES | 
Specific Gravity D792 1.31-1.34 1.40 1.65-1.70 1.55-1.59 
Co f of Ther Exp, per °F C696 1.5 x 10-5 2.0 x 10-5 3.5 x 10-5 2 2-2.6 x 10-5 
Water Absorption (122 F, 48 hr), % : 0.2-0.5 0.2 0.4-0.5 0.12-0.2 
Flammability (ignition time), sec 68 84-90 70 400-450 
Heat Distortion Temp, F D648 240-266 270-290 300-350 300-350 
MECHANICAL PROPERTIES "t 
Mod of Elast in Tension (cond 48 hr at 122 F). psi D638 6 x 105 - 17 x 105 
Tensile Strength, psi D638 4500-6000 4600 4000-5500 5500-7000 
Hardness, Rockwell M D785 108 — 107 100 
Impact Strength (Izod notched), ft-lb/in. notch D256 0.5-1.2 1.7-4.5 0.30-0.45 0.5-6.0 
Flexural Strength, 1000 psi D790 10-10.5 9-11.5 | 8-10 10-12 
Compressive Strength, 1000 psi D695 20-30 30 18-25 25 
‘a ELECTRICAL PROPERTIES 
Dielectric Strength, v/mil D149 -- | - - 
Short Time (dry) 366 376-390 378 382-430 
Short Time (wet)* 375 360-391 330 345-420 
Step by Step (dry) 364 350-374 320-350 335-420 
Step by Step (wet)* | 333 | 350-361 225-250 295-420 
Dielectric Breakdown, kv — _— | 
Short Time (dry) 55.0-81.7 70-80 55-80 63-70 
Short Time (wet)* 60.0-65.0 66-70 55 45-65 
Step by Step (dry) 55.0-60.5 60-65 38-70 60-65 
Step by Step (wet)* 46.0-60.0 60 39-60 49.5-65 
uae Dissipation Factor (1 kc, 1 mc) D150 
Dry 0.023, 0.015 0.006, 0.012 0.039, 0.040 0.004, 0.010 
Wet 0.026, 0.020 0.009, 0.017 0.042, 0.154 0.008, 0.015 
Dielectric Constant (1 kc, 1 mc) D150 
Dry 3.9, 3.3 3.79, 3.4 5.2, 4.5 4.5, 4.2 
Wet 4.1, 3.3 3.8, 3.35 4.8, 4.7 4.6, 4.4 
Vol Res (cond 30 days, 100% RH, 158 F), meg- | 
ohm-cm D257 60,000 | 100-25,000 6000 1000 
Surface Res (cond 30 days, 100% RH, 158 F), | 
megohms D257 25,000 500-10,000 6000 500 
Arc Resistance, sec D495 85-115 | 105-125 | 125-140 125 
FABRICATING PROPERTIES 
Bulk Factor , D392 3.5-5.2 | 5.2 1.9-2.4 1.9-4.0 
Compression Molding 
Pressure, psi -— 500-2000 | 500-2000 | 500-2000 500-2000 
Temperature, F 270-320 | 270-320 270-320 270-320 
Transfer Molding | | | 
Pressure, psi 1000-5000 1000-5000 | 1000-5000 1000-5000 
Temperature, F 270-310 | 270-310 | 270-310 270-310 
Mold Shrinkage, in./in. 0.009 | 0.010 0.004-0.007 | 0.004 
Post Mold Shrinkage (480 hr, 257 F), in./in. - 0.001 | 0.0006 0.0005 | —0,0005-0.0007 
) MAX RECOMMENDED SERVICE TEMP, F | 300 | 300-370 | 350-450 400-450 
CHEMICAL RESISTANCE | — Unaffected by weak acids and alkalies and organic solvents. 
Slightly affected by strong acids and alkalies. 
APPLICABLE MILITARY SPECIFICATIONS MIL-M-18794 | MIL-M-18794 MIL-M-14E MIL-M-18794 
Type SD 1-5 | Type SD 1-30 Type MDG Type SDG 
(MIL-P-4389) 













aWet 48 hr. immersion at 125° F. 
Prepared from published data of Mesa Plastics Co. and Durez Plastics Div. of Hooker Electrochemical Co. 


“*For more information, Circle No. 566 





One home refrigerator with a reputation for 
silence and long service life depends upon B&W 
for “the type of tubing necessary to the efficient 
operation of the refrigerator. Without it, the 
refrigerator could not provide the required 
performance. It must last the life of the unit.”’ 


To meet that tough specification for evaporator 
coils and high temperature coils, B&W supplies 
Electric-Resistance -Welded Tubing with pre- 
cision-made serrations on the I.D. Rockwell 
hardness must be held within close tolerances, 
and the seam-weld must withstand 1,000 pounds 
pressure—no interior surface copper is permitted. 


For special applications like this, get in touch 
with Mr. Tubes, whose specialty is matching 


For more information, Circle No. 364 


A REFRIGERATOR, TOO, CAN BE THE STRONG, SILENT TYPE 


tubes to jobs to save you time and money. For 
many Electric-Resistance-Welded tubing re- 
quirements, you'll find that your nearby B&W 
distributor maintains comprehensive stocks to 
meet your needs. The Babcock & Wilcox 
Company, Tubular Products Division, Beaver 
Falls, Pa. 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges in carbon, alloy and stainless stee!s 


TA-6074-6F 





Properties of Carbides 





Properties 


Tantalum Carbide 
(TaC) 


Columbium Carbide 
(CbC) 


Silicon Carbide 
(SiC) 


Titanium Carbide 
(TiC) 


Beryllium Carbide 
(Be.C) 





Mohs’ Hardness 

Elec Resistivity (r.t.), ohm-cm 

Ther Cond (68-795 F), Btu/sq ft/hr/°F /in. 
Coef of Ther Exp (77-1472 F), per °F 
Compressive Strength (r.t.), psi 

Modulus of Rupture (r.t.), psi 


Ther Shock Res (air quenched), no. of cycles at 
desi_nated temp range 


Methods of Fabrication 





9-10 94 

7.4x 10-5 2x 10-5 

98.7" 153.9* 
46x 10° 


9.2 
107-200 
290.3 
2.6 x 10° 
82,000 
4000 


9+ 8-9 

1.1 1.05 x 10-4 
145.2 119.08 
5.8 x 10° 41x10 
105,000 109,000 

16,000 


4 at 2000-1470F | — | 100 at 2500-77F | : 
Hot pressing, steel | Hot pressing, steel | Hot pressing, steel | Hot pressing, steel | Hot pressing, steel 
die pressing and | die pressing and | die pressing and ' die pressing and | die pressing and 
sintering, hydro- | sintering | sintering,extrusion | sintering sintering 

Static pressing and | and sintering, slip | 

sintering | casting 





Properties of Carbides (continued) 





Properties 


Vanadium Carbide | Zirconium Carbide 
(VC) (ZrC) 


Tungsten Carbide 
(WC) 


| Tungsten Carbide 
(W.C‘F)) 


Boron Carbide 
(B,C) 





Mohs‘ Hardness 

Elec Resistivity (r.t.), ohm-cm 

Ther Cond (68-795 F), Btu/sq ft/hr/°F /in 
Coef of Ther Exp (77-1472 F), per °F 
Compressive Strength (r.t.), psi 

Modulus of Rupture (r.t.), psi 


Ther Shock Res (air quenched), no. of cycles at 
designated temp range 


Methods of Fabrication 





9-10 
1.56 x 10-4 


8-9 
6.34 x 10°5 
142.38 
3.7 x 10-6 
238,000 


9.3 
0.30-0.80 
203.2-580.6 
2.5x 10 
414,000 
44 000 


9-10 | 94 
| 8.1 x 10-5 1.2x 10-5 


3.3 x 10-6 3.4 x 10-6 


89,000 


— oda 
Hot pressing, steel 
die pressing and 


sintering 


| Hot pressing, steel Hot pressing 
| die pressing and | 
| Sintering | 


| 
| 
| 
} 


Y, at 1830-86F 
Hot pressing, ex- | Hot pressing 
trusion and sinter- | 


ing | | 





aRoom temperature. 


Abstracted from Campbell, |. E., High Temperature Technology, John Wiley & Sons, New York, 1956 (sponsored by Electrochemical Society). 
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often copied—never equalled 
... and in high speed steels, 





nothing has ever equalled REX 


Crucible’s REX® high speed steel is in a class by itsel! 

has been for more than half a century. And it gets 
better every year. New improvements in manufacturing 
techniques have brought even greater uniformity and 
quality to its well-known properties. 

But prove this for yourself—shop-test the new REX 
in your own plant. Check its structure, uniformity, 
response to heat-treatment — all-around tool perform- 
ance. Try REX any way you like — you'll see for 
yourself why the new REX is still the standard for 
comparison in every high speed steel application. 

You can get REX from stock from your nearby 
Crucible warehouse—or promptly by direct mill deliv- 
ery. For further information on REX and the many 
other Crucible special purpose steels, send for the 
Crucible Publication Catalog—it’s yours for the asking. 
Crucible Steel Company of America, The Oliver Build- 
ing, Mellon Square, Pittsburgh 22, Pa 


first name in special purpose steels 


Crucible Steel Company of America 


For more information, turn to Reader Service Card, Circle No. 478 
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Demognetizing Force, oersteds 


Comparative demagnetization curves of two iron particle magnets 
(ESD 30 and 50 Irons) and ten other magnet materials. 


Powerful Magnets from Tiny Particles 


HB Elongated iron particles one 
millionth of an inch thick have 
been found to possess 100,000 
times more resistance to demag- 
netization than ordinary magnets. 
This development, announced by 
General Electric Co., holds partic- 
ular significance for designers in 
that it offers almost unlimited 
possibilities for the design of 
magnets and electrical equipment 
utilizing magnets. For one thing, 
size limitations are practically 
eliminated; for another, materials 
selection is made easier because 
the particles can be embedded in 
metal, glass, rubber or plastics. 


Although iron particle magnets 
are still in the developmental 
stage, magnets equal in strength 
to the strongest commercial mag- 
nets have been made. Theoreti- 
cally, the ultra-small particle mag- 
nets can be made “ten times 
stronger than the best available 
magnets.” The magnets are made 
by aligning the submicroscopic 
particles in a powerful magnetic 
field, then compacting them under 
great pressure in a suitable binder 
(metal, glass, rubber or plastics). 
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Theory of magnetization 

In explaining how the magnets 
achieve their high resistance to 
demagnetization, Dr. Thomas O. 
Paine, leader of the research pro- 
ject, says electrons in atoms not 
only revolve around the nucleus 
but also spin on their own axes, 
creating a magnetic field. In most 
materials there are as many elec- 
trons spinning clockwise as coun- 
terclockwise, so that, in effect, the 
magnetic fields cancel each other. 
In some elements, iron for exam- 
ple, the balance does not exist. 
Since there are a _ significantly 
greater number of electrons spin- 
ning in one direction, there is a 
net magnetic field associated with 
each atom. 
Magnetic domains 

When atoms are brought togeth- 
er to form a solid crystal of iron, 
the electrons of adjacent atoms 
interact in such a way that their 
magnetic fields run parallel, in- 
tensifying the effect until there is 
a magnet. However, these inter- 
atomic forces hold the spinning 
electrons in alignment only in lo- 
cal regions of the crystal, called 





& METHODS 


“magnetic domains.” An ordinary 
piece of iron contains many do- 
mains, and when a magnetic field 
is applied the domains tend to re- 
orient themselves into alignment 
with the applied field. They do 
this principally by movement of 
the boundaries separating the do- 
mains. If the domain boundaries 
can be prevented from moving, 
the magnet will retain its flux 
under the strongest demagnetiz- 
ing fields. This is exactly what 
GE has accomplished. 

The width of iron domain 
boundaries is known to be ap- 
proximately one millionth of an 
inch. Hence, iron particles of this 
size contain no boundaries; in ef- 
fect, they are “single domain’ 
particles. Having no domain boun- 
dary to move, a single domain 
particle theoretically cannot be 
demagnetized. 

Of especial importance in this 
development is the elimination of 
cobalt and nickel, both critical 
materials for military and indus- 
trial uses. Elimination of cobalt 
also makes possible the use of 
magnets in nuclear reactors. 
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Elasticity, transparency and mechanical strength, coupled with high tem- 
perature resistance, are features of a new silicone rubber interlayer for 
aircraft windshields. 






Clear Silicone Interlayers 
Good for Jet Windshields 


Comparison of glass laminates with silicone interlayer (right) and con- 
ventional plastics interlayer (left) after impact test followed by exposure 
for a few minutes at 375 F, 
















Mit has been evident for some 
time that conventional safety 
glass interlayers, consisting of 


plasticized polyvinyl] butyral, 


would not withstand the intense 


frictional heat generated by su- 
personic aircraft speeds. As a re- 
sult, Dow Corning Corp., Midland, 
Mich., in conjunction with Wright 
Air Development Center, has de- 
silicone rubber, 
identified as Silastic Type K In- 
terlayer, intended to 
heat resistant 
safety glass windshields. 


veloped a new 
serve aS a 
center layer in 

Uncured, the silicone material 
is a soft, plastic and extremely 
tacky sheet. It flows readily un- 
der pressure, requires no bonding 
adhesive and forms a tough rub- 
bery interlayer. Laminated and 
cured under pressure, the silicone 
material has excellent 
properties. According to the pro- 
ducer, the new rubber is truly 
transparent, and haze and distor- 
tion are greatly minimized. 


optical 


Availability at present is lim- 
ited, but larger manufacturing 
facilities are under construction. 
Completion of the new facilities 
in early 1957 should see a drop 
from the current price of $15.35 
per sq ft of 25-mil sheeting. 

Conventional interlayers soften, 
evolve gas bubbles and rapidly 
lose shear strength at tempera- 
tures above 180 F (see compari- 
son photo). At 
the range of 
interlayers are almost as brittle 


temperatures in 
65 F, conventional 


as glass itself. At either temper- 
ature extreme, 
terlayer material is unable to pre- 
vent cracked glass from shatter- 
ing. 

Windshields made with the new 
silicone rubber interlayer, on the 
other hand, are said to retain full 
strength and clarity at tempera- 
tures ranging from —65 to over 
350 F. They have somewhat less 
shatter resistance at tempera- 
tures up to 160 F than conven- 
tional laminates, but strength of 
the conventional interlayer falls 
off so sharply above 160 F that 
at 200 F the new silicone is more 
than twice as strong. 

(more What’s New 


conventional in- 


on p 165) 
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Here are the sensitivity and rapid response plus complete in- 
strumentation you need for testing at elevated temperatures as 
well as at room temperatures. 


With Riehle’s new Electro-Balanced Indicating Unit, you know 
you are actually conforming with modern, more rigid testing 
requirements. No longer need you go on testing superficially 
with inadequate machines that just weren’t intended for modern 
test procedures. 


Riehle’s new sensitivity and rapid response assure you of that 
flexibility and precision you must now have. The new Electro- 
Balanced Indicating Unit is available for both hydraulic and 
screw power testing machines — by Riehle. 


For more information, Circle No. 390 


Rieh le TESTING MACHINES 








A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 












mac a I n ry . 


@ NEW SENSITIVITY 
@ RAPID RESPONSE 


VISIT RIEHLE AT THE WESTERN 
METALS SHOW BOOTH 115 


DIFFERENTIAL 
TRANSFORMER 


ELECTRO 
BALANCED BEAM 


ELECTRONICALLY 
DRIVEN POISE 


DIAL 
POINTER AXIS 


SERVO DRIVE 
AMPLIFIER 
ZERO 

ADJUST POISE 
ZERO 

ADJUST DRIVE 


CHANGE OF 
RANGE SYSTEM 


SLIGHT MOTION AT BEAM END 
PROVIDES SUFFICIENT SIGNAL TO 
OPERATE THE SERVO MOTOR 

. + - AND MOVE THE POISE TO 
ESTABLISH FORCE EQUILIBRIUM. 


NEW BULLETIN... MAIL COUPON 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MM-357, East Moline, Illinois 


Please send your free 4-page Bulletin RU-14-56 with full data 
on the new Riehle Electro-Balanced Indicating Unit. 






COMPANY 


ADDRESS 


city 


ATTENTION MR, 

































PON 


full data 












Experimental turbine wheel of GMR-235 integrally cast by investment 


casting process, 


New Nickel-Base Alloy 
Has Long Rupture Life 


@ Limited data are now available 
on GMR-235, a nickel-base, high 
temperature alloy developed by 
General Motors’ research | staff 
and first announced two years 
ago. In addition to nickel, the al- 
loy contains chromium, molybde- 
num, iron and boron, with alumi- 
num and titanium as hardening 
agents. It is produced by air and 
vacuum melting techniques. 


Haynes Stellite Co., 420 Lexing- 
ton Ave., New York, has_ been 
licensed to produce and sell the 
new alloy. 
Properties 

The relatively high percentages 
of aluminum (3%) and titanium 


(2%), combined with minute 
quantities of boron (.06%), have 
resulted in a cast alloy with high 
temperature strength, adequate 
ductility and low strategic alloy 
content. It also shows good re- 
sistance to overaging at service 
temperatures, retaining much of 
its strength for periods over 1000 
hr. 

The air melted version of the 
alloy is capable of a minimum 
rupture life of 75 hr at 35,000 
psi and 1500 F, with a minimum 
elongation at rupture of 5%. 
Vacuum melted GMR-235 is ca- 
pable of meeting a minimum rup- 
ture life of 60 hr at 28,000 psi 


Rupture Life, hr 


Comparative rupture life at 1600 F 
and 28,000 psi of three different 


RUPTURE DATA FOR AS-CAST GMR-235 





GMR-235D GMR-235 
Vacuum Vacuum 
Melted Melted 


GMR -235 
Air Meited 





of GMR-235. 


Verst_ns 





Avg Stress, 10C0 psi 
Temperature, F 
10 Hr 


50 Hr = =100 Hr 














1500 48 40 37 
1650 29 23 21 
1800 13 10 9 








SHORT TIME TENSILE PROPERTIES 
OF GMR-235 * 








Tensile 
Temperature, F | Strength, Elongation, % 
1000 ps 
Room}, 102 7 
110 | 12 
1000 102 9 
113 | 10 
1200 109 | 10 
102 8 
1350 111 | 9 
88 15 
1500 89 16 
55 14 
1650 56 | 25 
25 | 24 
1800 33 25 








aData given for two tests at each elevated 
temperature. 

bYield strength at 0.20% offset is 89,400 psi 
at room temperature. 
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for better FORGING PRODUCTION: 


Sharon Open Hearth Quality Forging 
Ingots — now available in Carbon and 
Alloy grades, with ingot weights up to 
109,000 pounds. Sharon Electric Furnace 
Quality Ingots — Stainless and Alloy 
grades, up to 50,000 pounds. e Sharon is 


also a prime supplier of billets, blooms 
and slabs — to customer specifications — 
in Stainless and Alloy grades. For prices 
— contact the Sharon Steel Corporation, 
Forging and Semi-Finished Steel Sales 
Department — or one of the district sales 
offices listed below. 


SHARON STEEL CORPORATION Shaw, Peamyloma 


DISTRICT SALES OFFICES: Cnicaco, CINCINNATI, CLEVELAND, DAYTON, Detroit, GRAND RAPIDS, 
INDIANAPOLIS, Los ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISC), 
SHARON, SEATTLE, MONTREAL, QUE., TORONTO, ONT. 





and 1600 F, with a minimum 

elongation at rupture of 10%. 
Welding of the 

rently being investigated. Prelim 


alloy is cur- 


inary results indicate that boron 
is responsible for some welding 
difficulties. In heat 
alloy at temperatures above 1600 
Kk, GM researchers recommend a 
protective atmosphere such as 
argon or helium. The alloy can be 
ground with proper feeds, speeds 
and grinding wheel abrasives. 

Designed for use in gas tur- 
bine and jet engine parts, the al- 
loy is presently being evaluated 
in General Motors’ experimental 
turbine-powered automobile, the 
“Firebird.” 
Modified version 

Recently a modification of 
GMR-235, called GMR-235D, has 
developed by GM and li- 


treating the 


heen 


censed to Haynes Stellite. Pro- 
duced only by vacuum melting at 
present, the new version contains 
3.00 to 3.75% aluminum, 1.75 to 
2.75% titanium and 0.05 to 
0.10% boron. It is capable of 
meeting a specification calling for 
120 hr minimum life at 28,000 psi 
and 1600 F, 
elongation 


with a minimum 
at rupture of 8%. 


COMPOSITION OF GMR-235, % 





Carbon 
Manganese 
Silicon 0.60 max 
Chromium 14.00-17.00 
Iron 8.00-12.00 
Molybdenum 4.50- 6.00 
Aluminum 2.50— 3.50 
Titanium 1.50- 2.50 
Boron 0.025--0.100 
Nickel Balance 


0.10-0.20 
0.25 max 





Moldable Irradiated Polyethylene? 


It may be available before too long 


@ Reports from the laboratory in- 
dicate that a breakthrough in de- 
velopment and use of irradiated 
polyethylene may be forthcoming 
in the not-too-distant future: The 
development is in the form of a 
preirradiated polyethylene extru- 
sion material. 

Irradiated polyethylene was an- 
nounced back in 1954 (see M&M, 
Sept ’54, p 91) and improvements 
in the material occurred shortly 
thereafter (see M&M, Feb ’55, 
p 104). But except for film and 
tape, a big stumbling block to its 
use was its infusibility; the poly- 
ethylene had to be formed prior 
to irradiation, raising the cost of 
products and limiting size and 
shape of parts. The availability 
of a polyethylene compound, al- 
ready irradiated, that can then be 
extruded or molded would offer 
advantages in design and economy. 

In the last few months General 
Electric Co. has twice made ref- 
erence to a preirradiated extru- 
sion grade of polyethylene, Irra- 
thene E-234, which has been avail- 
able in very limited experimental 


* For more information, Circle No. 395 


quantities. The obvious reason 
for the reluctance to discuss it 
publicly is the mass of requests 
for information and samples that 
would result and which would be 
impossible to fill at present. 

Though only limited property 
data are available, indications are 
that the amount of irradiation is 
not as great as that employed for 
film and molded parts. Thus, the 
degree of improvement in temper- 
ature resistance is not the same 
as that obtained by irradiation 
after forming. However, as the 
accompanying table shows, the 
material has excellent resistance 
to stress cracking. It also has the 
same high dielectric properties as 
regular polyethylene, coupled 
with the high temperature aging 
resistance characteristic of irra- 
diated polyethylene. 

An important potential use for 
E-234 is wire insulation. Experi- 
mental work indicates the mate- 
rial can be extruded onto wire in 
the same fashion as regular poly- 
ethylene with only slight modifi- 
cations of conditions. 


To date, no reports are avail- 
able as to the material’s suitabil- 
ity for forming by other tech- 
niques. Unofficial comments indi- 
cate that compression molding 
might offer the most satisfactory 
method of producing molded 
parts. So far injection molding 
has met with little success, due 
to the development of intolerable 
residual internal stresses. 

(more What’s New on p 168) 


PROPERTIES OF PREIRRADIATED 
POLYETHYLENE 





Specific Gravity 0.92 
Water Absorption Negligible 
Flammability Stow burning 


Dielectric Constant 
(60 cycles to 10,000 mc) 2.3 
Power Factor 
(60 cycles to 10,000 mc) 


Insulation Resistance 
(0.030 in. wall on No. 16 
AWG, tinned, stranded 
wire), megohms 10° 


0.0005 


No failures in Bell 
Laboratories’ test 
in acetic acid or 
Igepal at 170 F for 
60 days 


Stress Cracking Resistance 
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UNIFORM 
AS THE ATOM 





Somers Thin Strip now 
Gauged by Nuclear Energy 


To meet the increasing demands of 
electronics and other industries for 
uniform closer tolerances, Somers Brass 
has taken advantage of one of the 
latest developments in the electronic 
field by installing the first Accu-Ray 
gauges in the non-ferrous industry. 
These units make it possible to check 
and control thickness from edge to 
edge throughout each coil to a degree 
of accuracy never before known. 


Accu-Ray gauging is typical of the 
modern methods Somers combines with 
engineering experience to provide thin 
strip metal to your most rigid speci- 
fications. Nickel, Monel, and Nickel 
Alloys from .020” to .00075”. Brass, 
Bronze, Copper and Alloys from 
010” to .00075”. 


t ly 








Somers Brass Company, Inc. 
108 BALDWIN AVE., WATERBURY, CONN. 


For more information, Circle No. 461 
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More than 100 Ib of «aluminum are used in this 1957 Chrysler car. 


Automotive Use of Aluminum 
Increasing, Especially in Trim 


Total consumption of aluminum 
in 1957 passenger cars should ap- 
proximate 247,500,000 Ib, accord- 
ing to Aluminum Co. of America. 
This is based on two assumptions: 
1) the auto industry’s forecast 
of 6,500,000 cars and 2) a 10% 
increase in the amount of alu- 
minum used in each car. Over-all 
the figure represents 23% more 
aluminum than was actually used 
in 1956 automobiles. Actual aver- 
age poundage per car is esti- 
mated at 38.1 for 1957, as com- 
pared to 34.6 for 1956 and 29.6 
for 1955. 

By far the largest percentage 
increase last year was made by 
aluminum trim. Harry L. Smith, 


Alcoa vice president, says. that 
such uses now account for 13.2‘ 
of the total aluminum content of 
1957 cars—an 80% gain over 
1956 trim applications. The larg 
est single aluminum application 
in passenger vehicles is automatic 
transmissions, now utilizing 
41.1%. 

Mr. Smith predicts that 1958 
passenger cars will show a greater 
increase in the use of aluminum 
than in “any one year during the 
past two decades.” The aluminum 
fin, brass tube radiator now being 
road tested in several car mod- 
els, he believes, ‘““may well consti- 
tute the next major use of the 
metal in automobiles.” 


New Arc Welding Process 


A new semiautomatic metal are 


welding process is said to com- 
bine the versatility of electrode 
welding with the high deposition 


rates of submerged are welding. 
Called Unionare welding, the new 
process employs a_ continuously 
fed wire electrode which is mag- 



















® some of the more than 100 places where ENJAY BUTYL works, silently 
and dependably, helping to improve the performance of today’s new cars. 


: ENJAY BUT YL— fabulous all-weather rubber 
BOOSTS PERFORMANCE IN ’57 CARS 





8 

ay 

m Molded into more than 100 parts, this super-durable, all-weather rubber helps 
1e provide a steadier, softer, more silent ride under even the most strenuous condi- 
m tions of stress, weather change, and abrasive action. The dependability of all 
g these parts contributes to the outstanding performance of the modern car. 


Readily available in non-staining grades, Enjay Butyl rubber can be compounded 

into white and light-colored parts that combine beauty with top-notch perform- 

ance. Low in cost, it out-performs and out-lasts all other rubbers formerly used, and @ U T Yy i 
may well be able to cut costs and improve performance in your product. For further 

information, and for expert technical assistance, contact the Enjay Company. 


Enjay Butyl is the greatest rubber value 

: in the world . . . the super-durable rubber 

Pioneer in Petrochemicals with outstanding resistance to aging « 
abrasion «+ tear + chipping + cracking « 

ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. ozone and corona + chemicals + gases « 


Akron + Boston + Chicago « Los Angeles +» New Orleans « Tulsa heat + cold «+ sunlight + moisture. 










For more information, turn to Reader Service Card, Circle No. 560 
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THE (SHAPE OF THINGS IN 


MOLDED BOOT MINUS STOCKINGS 


— TG 


4 
PPR semen eer 


CUTS COST FOR LIFT TRUCK MANUFACTURER 











woe Prectsion Molded RUBBER, SILICONES -"‘APCOTITE” BONDING 
Address all communications to 750 Belleville Ave., New Bedford, Mass. 
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APPLICATION: 
Protective boot 


gasoline powered 


PROBLEN': 's print SP 
This ™ 


stock 





for hydraulic lift and tilt mechanism on 


lift truck. 


facturer 


inette base: 


ACUSHNET PROCESS COMPANY 


NE W BEDFORD, MASSACHUSETTS 


For more information, turn to Reader Service Card, Circle No. 452 
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netically coated with flux and j; 
shielded in a gas atmosphere. 

In operation, the flux is carried 
to the welding nozzle by a carbon 
dioxide gas stream and surrounds 
the welding wire as it is fed from 
the contact tip of the torch. When 
welding current is flowing, a mag- 
netic field is established around 
the extended portion of the weld- 
ing wire. The flux is attracted 
toward the exposed wire and 
coats it. As the wire is directed 
into the weld puddle, the flux 
melts, refining the weld metal and 
shielding it from atmospheric 
contamination. The carbon diox- 
ide flowing from the torch nozzle 
also helps to shield the molten 
metal and the are. The open arc 
characteristic of Unionarc weld- 
ing permits excellent visibility of 
the weld zone, thereby allowing 
welds to be made manually in flat, 
horizontal, vertical or overhead 
positions. 

Developed by Linde Air Pro- 
ducts Co., Div. of Union Carbide 
and Carbon Corp., the new pro 
cess can be used to weld across 
gaps and along seams containing 
moderate amounts of rust, scale 
and moisture without affecting 


WELDING wire 


FLUX AND GAS 









NOZZLE 


FLUX ADHERES 
TO THE WIRE 


Cutaway sketch of Unionare we!d- 
ing process. 
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WINDSOR FELTS 
FOR 







































































OUTLAST ALL OTHER FILTER MATERIALS 10 to 1 


Windsor Felts are unique, fiber bonded, 
non-woven structures, engineered to 
serve as economical and efficient filter 
media for industrial processing. Quick 
facts: 


on plate and frame, pressure leaf, 
rotary vacuum, cartridge or specialty 
filters. 

The Engineering and Research Divi- 
sion invites your inquiry and wil! be 


pleased to work with you on your 
specific filtration problem and make 
recommendations. 


Greater product recovery 

Easy cake release 

Can be hosed off without taking from 
press 

Can be re-used indefinitely For the newest in eco- 
nomical filter material 
send for Data Sheet 
#18 WINDSOR FELT- 
LIQUID FILTRATION, 
making request on 
your firm's letterhead. 


i cawoes a 


TREN AL PNPORM ATION: 





Produce less plugging 

Do not shrink, are ravel-free and produce 
clean-cut edges 

Reduce leakage 

Have unusual stability 





@ Temperatures to 250F 





These outstanding properties make 
Windsor Felts highly suitable for use 


American Felt 
Company 


TRADE MARK 


GENERAL OFFICES: 24 GLENVILLE ROAD, GLENVILLE, CONN. 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. 
Louis, Atlanta, Greenville, S.C., Dallas, Boynton Beach, Fla., San Francisco, Los Angeles, Portland, 
San Diego, Seattle, Montreal.—PLANTS: Glenville, Conn.; Franklin, Mass.; Newburg, N.Y.; 
Detroit, Mich.; Westerly, R.l.—ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. 


For more information, turn to Reader Service Card, Circle No. 533 
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e 155 MM Projectile Ogive 
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WARHEADS*} rnat 
LODED AN OLD THEORYe cece 


XP 
P ...that all castings had to be big, thick and sometimes 
©) cumbersome...had to undergo heavy machining and 
finishing to even approach accuracy of specfication. 


Not so today! The Warheads* are another interesting example 
of how Albion’s resin shell casting process has eliminated much 


of the casting-finishing cost...and, permitted broader utilization 


) of ferritic and pearlitic malleable irons. 
As an example, both the castings above appear to be the same 
on the outside...and both are of the same material. Yet, one is far 


lighter, thinner-walled and accurate... requiring far less machin- 
ing, finishing time. Another positive proof that Albion’s resin 
shell casting process permits closer tolerances, less excess metal— 
resulting in savings from the laboratory through finishing. 
Albion’s ferritic and pearlitic malleable irons can be cast to your 
exacting specifications with physical properties to suit your needs. 


Moke malleable iron, the versatile metal, a part 
of your product. Contact your Albion Malleable 
Iron Company representative today; he will 
be glad to bring you up-to-date on the rapid 
development in casting techniques and ad- 
vantages that can be yours for the asking. 


@ Need design or engineering assistance ? 

Albion’s competent staff as well as their 
Research and Development Laboratory are 
always at your service. 















ALBION MALLEABLE 
IRON CO, Albion, Michigan 


For more information, turn to Reader Service Card, Circle No. 552 
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N MATERIALS 


Flat welds of this casting to a “(”’ 
frame assembly show quality of 


welds possible with new process. 


weld soundness. At present, 3/32- 
in. and 3/64-in. dia welding wires 
are used, with welding current 
usually between 350-450 amps and 
125-250 amps, respectively. The 
company says the new process 
offers greater simplicity, greater 
speed and lower costs. 


How Environment 
Affects Creep-Rupture 


Both the rupture life and the 
minimum creep rate of commer- 
cial high temperature alloys are 
affected by environment, a recent 
investigation shows. 

The effect of various atmos- 
pheres — air, oxygen, nitrogen, 
helium and a vacuum—on creep 
and rupture properties was re 
ported by Paul Shahinian of the 
Naval Research Laboratory at the 
1956 Convention of the American 
Society for Metals. Alloys investi- 
gated were DM 45 low alloy steel, 
12% chromium-vanadium steel, 
Type 204 austenitic stainless steel, 
N-155, S-816 cobalt-base alloy and 
Inconel X. 

Creep-rupture tests were con- 
ducted on both unnotched and 
notched specimens for durations 
up to 500 hr at temperatures 
ranging from 1100 F for low alloy 
steel to 1500 F for the superalloys. 
In addition, sections of fractured 
specimens were examined metallo- 
graphically, checked for variations 
in hardness, and analyzed for gas 
contents. The results show that 

1. Rupture life is longer in air 
than in any of the other atmos- 
















Hono, too, 


ERR. ANNIE. 


Perhaps you didn’t know that the 
world-famous alloy Nichrome is pro- 
duced not only in The United States, 
but also in 6 Driver-Harris plants in 
England, Ireland, France, Italy, 
Austria, Spain, and in Canada by The 
B. Greening Wire Company. Also, 
Nichrome is a registered trade-mark 
in 55 nations. 

At first, fifty-odd years ago, we man- 
ufactured electrical resistance alloys 
for furnace elements and domestic 





nufacturing plants also in: 











aaa tee Pale 


heating appliances only. Today we 
produce 132 different high nickel 
alloys in many different forms and in 
hundreds of sizes, for almost every 
kind of domestic and industrial appli- 
cation—of which Nichrome is the 
most illustrious. 


Whenever you buy Nichrome, you 
are assured of the unsurpassed and 
unvarying quality which has made 
Nichrome the supreme world stand- 
ard for electrical-resistance and heat- 


Nichrome is made only by 


COMPANY 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 


For more information, turn to Reader Service Card, Circle No. 545 





resistant alloys. This uniformly high 
quality, which we jealously guard as 
our most priceless possession, results 
from the technical excellence, the pro- 
ductive skill, and the quality controls 
the Driver-Harris craftsmen have 
gained in over 50 years of experience 
—and which are maintained with 
equal rigor in all Driver-Harris plants 
here and abroad. The result is a con- 
tinuous benefit to the entire electrical, 
electronic,and heat-treating industries. 

*T.M. Reg. U. S. Pat, Off. 


Dyrwer-Harris HARRISON, NEW JERSEY 


ENGLAND @e CANADA e@ IRELAND @ FRANCE e@ ITALY @ AUSTRIA e@ SPAIN 
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BLAZING THE HEAT TREAT TRAIL WITH HOLCROFT 





Low initial cost—simplified maintenance—efficient use of heat. 


All these represent good reasons why electric heat treat furnaces are 
important considerations. For example, gas-fired and electrically- 
heated furnaces are frequently competitive; in fact, when total 
installation cost figures are considered, electric furnaces often have 
the price advantage. 


Upkeep is reasonable, too, because properly designed and installed 
electric heating elements are so easy to maintain and adjust. Elements 
are quickly removed for repairs. 


Electric heat is more efficiently used for applications in the high 
temperature range. There is a considerably smaller heat loss in the 
use of electricity than gas—shrinking the price spread between the 
two. To be specific, a thorough study must be made of all factors: 
local power and fuel costs, production demands, quality control 
standards, etc., before any final decision can be made of the type 
of heating to be used. Holcroft will help you—a good place to start 
is to send for our new book Holcroft and the Electric Furnace. 
It's yours without obligation. soe 


HOLCROFT AND COMPANY 


—S—) 6545 EPWORTH BOULEVARD ¢ DETROIT 10, MICHIGAN 
\SSemmarmcs 7” PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


— OfTaoiy. mice 









CANADA: Walker Metal Products, Ltd., Windsor, Ontario 
For more information, turn to Reader Service Card, Circle No. 503 
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pheres. In general, oxidizing at 
mospheres resulted in longer rup 
ture lives than the inert atmos 
pheres. 

2. Minimum creep rate was 
generally the lowest for the alloys 
in air; there was no consistent 
effect produced by the other at- 
mospheres. 

3. The presence of a notch in 
the alloys of relatively low ductil- 
ity, S-816 and Inconel X, greatly 
increases the susceptibility of the 
materials to the influence of en- 
vironment. 

4. The notch sensitivity of a 
material may be affected by en- 
vironment. Inconel X at 1500 F 
and 25,000 psi was notch strength- 
ened in air and oxygen, but weak 
ened in nitrogen and vacuum. 

The author suggests several 
mechanisms by which the presence 
of oxygen may improve creep- 
rupture properties, and he points 
out that the greater atmosphere 
sensitivity of notched over un- 
notched specimens indicates that 
oxidation may tend to blunt 
cracks. 


Iron Powder Parts 
with Smooth Surfaces 


Bound Brook Oil-Less Bearing 
Co., Bound Brook, N.J., has an- 
nounced the development of a 
pure sintered iron material, called 
Powdiron FM, that combines ex- 
cellent machining properties and 
good ductility with low cost. 

The company claims that its 
Powdiron FM parts, after ma- 
chining, are clean and smooth 
with a mirrorlike surface, where- 





Comparison after machining of or- 
dinary iron powder part (left) and 
iron powder part made with neu 
material (right). 














densities in 






















e CUSHIONS VIBRATION 
e PREVENTS SQUEAKING 
e PREVENTS SKIDDING 


Here’s a uniform high quality cushioning, sealing 
a and insulating material that’s always resilient, 
d that retains its shock-absorbing effect and com- 
pressibility. It stops dust, drafts and rattles; 


| absorbs vibration. Effective as a sound and 
thermal insulator. 
< Dutch Brand offers you a complete line of natural 





- DUTCH BRAND 
Sponge Rubber’ 























strips or sheets to 


meet your exact needs 


e INSULATES 
e DAMPENS SOUND 
e SEALS OUT DRAFTS, DIRT 


For more information, turn te Reader Service Card, Circle No. 490 


or neoprene chemically blown industrial sponge 
rubber—in four densities ranging from soft to 
firm (meets ASTM specifications). Two types of 
adhesive: pressure-sensitive or dry type. Thick- 
nesses from 1/16” to 1”—instrips, sheets or special 
die cuts. For your sponge rubber needs consult 
Dutch Brand. 


Write for this free sample folder . . . 


Gives ASTM data, suggested uses and samples of 
sponge rubber in each density. 


Johns-Manville 


DUTCH BRAND 
P R OD uUocftT §& 


7800 WOODLAWN AVENUE « CHICAGO 19, ILL. 
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Why 


Wilson ‘‘Rockwell’”” 
Hardness Testers 


@ WILSON 
~~ ROCKWELL 


. - 
as 
4 BS | 
| 

of 

| @ 
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f 
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| 
\ 
= 
scm 


means accuracy, 
speed and 
= economy 


“— EVERYWHERE 


8” Capacity 


fold av2-1| Maleldelsl-ti Mek -t47-13 


@ WILSON field service is the best we know how to make it. In 
every industrial area, WILSON offices are well staffed with factory- 
trained experts who “practically eat and sleep’’ hardness testers. 


These experts help make sure that— 


You Get the Hardness Tester You Need 


Whether your hardness tester is required 
for use in laboratory, tool room, inspection 
department or on the production line, there 
is € WILSON model to serve you best. 


Consultation is as Close as the Phone 


Changing work conditions frequently call 
for different accessories, sometimes a differ- 
ent model of tester. A WILSON expert is never 
more than a few hours away to make sure 
that the service you get from your WILSON 
equipment is all that you expect. 


You Get Prompt Service if You Need It 


Hardness testers must always operate at 
peak efficiency. WILSON owners know they 
can count on WILSON service to make sure 
that their equipment is always ready. 

*Trademark registered 








A FULL LINE 
TO MEET 
EVERY HARDNESS 
TESTING 
REQUIREMENT 


FULLY AUTOMATIC 
° 
SEMI-AUTOMATIC 
° 
REGULAR 
= 
SPECIAL 
ae 
SUPERFICIAL 
° 


TUKON 
MICRO & MACRO 

















AS 2e), Bal ie) of 4) 14 8 Rie 


the world’s standard of hardness accuracy 





AMERICAN CHAIN & CABLE 


co Wilson Mechunical Instrument Division 








230-E Park Avenue, New York 17, N. Y. 
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as ordinary sintered iron pai 

tend to be ragged, rough-surfac 

and chewed up after machinin 

The new iron parts permit fast: 
machining and are said to trip! 
the tool life possible with ord 

nary sintered iron, including iro) 
copper. Previously copper wa 
added to the iron powder to giv 
a better machining part; how 
ever, copper increased the cost o! 
the parts. 


Epoxy Foam Blocks 


Fine textured, easily machined, 
dimensionally stable prefoamed 
blocks of epoxy resin measuring 
1 x 2x 6 ft are now available from 
D & R Pilot Plants, Inc., Hazard- 
ville, Conn. The blocks are avail- 
able in densities from 5 to 20 lb 
per cu ft and are said to have com- 
pressive strengths of from 50 ps! 
at the lower densities to about 
1000 psi at the higher densities. 
The epoxy blocks withstand high 
temperatures and active solvents 
and, according to the producer, 
should find use in tool shops for 
making check fixtures, templates 
and models. 


Copper-Brazed Joints: 
Why They Are Strong 


The high strength of a copper- 
brazed steel joint may be attrib- 
uted to a combination of the 
greater work hardening capacity 
of the thin braze metal under 
restraint and the increase in 
strength of the copper metal due 
to alloying with iron. 

This is the conclusion reached 
by R. C. Grassi, I. Cornet and R. 
S. Berger as a result of an at 
tempt to determine why copper- 


brazed steel joints produce shear 


strengths greater than that of the 
copper used. The _ investigators 
examined several existing theor- 
ies as well as conducted new tests. 
Their reports appeared in the 
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THE ONE BEST WAY TO SELECT 
HEAT TREATING EQUIPMENT 








most expe rienced furnace . That is exactly what we can offer you at Lindberg. 


A design and engineering staff concerned only with 
the development of equipment for applying heat to 
industry. This staff produces the most complete line 
of such equipment in the industry — heat treating fur- | 
naces, melting furnaces, ceramic kilns, high frequency | 
induction units; big ones, small ones, electric or fuel- | 
fired, built in our own plant or field-erected. | | 


experts you can find 


Whatever your requirements Lindberg’s staff will | 
study them without prejudice recommending the | 
correct equipment to fill them whether you need only | 
a simple heat treating furnace or a specially designed 
and developed installation to answer an exceptional 
problem in a newly-efficient way. You can be sure 
ou have the right answer when you leave it to 
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; indberg. Get in touch with your nearest Lindberg | 
L ield Representative. (See your classified telephone | 
|- @ixectory or write us direct.) | 
lb a | 
n- 

Sl 

- Mdberg Carbonitriding and 

S. fing Furnace (electric or fuel- 

rh e of the most widely-used 

ts ing units in the world. 
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on If you’re at the Western Metal Show 

. look in on Lindberg at Booth 478 
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le WORLD Be€STOS 


help you 


in the design and production of 





SW Al-1.7 Wale), | 


DAMPERS 
ons 


SNUBBERS 


MOLDED 
FRICTION 
PARTS 


SPECIAL 
o7 ES od, | 
FACINGS 


TRANSMISSION 
i, ber 


<A 


@ World Bestos offers you more than 30 years’ engineering and 
manufacturing experience in the producion of molded friction parts. 
Chances are our immense resources and facilities can supply you with 
molded parts and friction components—to meet your requirements— 
at a savings in both time and money. 





@ Send your blueprints (or samples) for prices and delivery information to WORLD 
BESTOS, Industrial Products Section, New Castle, Ind., Phone: 2360. 
Write for free illustrated folder. 


WORLD BESTOS seu caste, woiana 


eeseeeeg 


DIVISION OF THE 


Firestone 


TIRE & RUBBER COMPANY 


Industrial and Automotive Brake Blocks and 
Linings ¢ Transmission Linings « Special Clutch 
Facings « Vibration Controls * Sheet Packing 





For more information, turn to Reader Service Card, Circle No. 568 


178 *« MATERIALS & METHODS 















IN MATERIALS 





July ’56 issue of Mechanical E 
gineering. Other conclusions wer: 

1. Shear strength of a ste 
joint when brazed with copper ; 
approximately 33,000 psi as con 
pared to 17,000 for silver. A 
though silver has properties quit: 
similar to those of copper, silver 
will melt and flow on the surface 
of steel but will not alloy with 
steel as copper does. 

2. Shear strength of a copper- 
brazed steel joint depends to a 
large extent upon design. 

3. Initial grain size has neglig- 
ible effect on shear strength of a 
copper-brazed steel joint. Average 
shear strengths were found to be 
approximately the same for speci- 
mens of both fine and coarse in- 
itial grain size. 

4. For joints brazed with cop- 
per or silver, there is no signifi- 
cant variation in the strength of 
joints with change of ASA class 
of fit from 1 to 5, inclusive. 

Plain carbon steels (SAE 1018, 
1020 and 1040) were used in the 
investigation, and both pure cop- 
per and silver were used as braz- 
ing metals. All specimens were 
brazed at a furnace temperature 
of 2000 F. 





Silicone-Glass Used 
for Connector Plugs 


filled silicone compound show 
outstanding insulation properties 
compared to plugs made of Orlon- 
filled diallyl phthalate, glass-re- 
inforced alkyd and mineral-filled 
melamine plastics (see graph), 
according to a recent report from 
Dow Corning Corp. 

The graph is based on tests run 
on four miniature 26-contact con- 
nectors molded by Continental 
Connector Corp., Long Island City, 
N.Y. After 240 hr at 96% R.H. 
and 74 F, the difference between 
the electrical resistance of sili 
cone-glass connectors and that o! 
other plastics was quite broad 
According to Dow Corning, the 


Connector plugs made of a glass- 


















How ®) Whinkpoot 
TURNED AN IDEA 
INTO A PRODUCTION REALITY 


TO eee TU 


























Heyy eNUUUANCUIPONTTITIEE Puy 
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RCA Whirlpool selected a combination 
of our processes to produce this beautiful | 
eye-catching escutcheon plate of | 


p- 
i - 





























‘ golden anodized aluminum. The sharply 
4 etched design (done by ETCHRITE) is 
8. highlighted with white enamel. Deep 
1e dimensional embossing (EMBOS) accentuates 
D- the word “Supreme”. It is our privilege to 
Z- have worked with RCA Whirlpool 
re designers and engineers on 
- this and other metal trim parts. 
Many other major manufacturers are turning to 
our varied processes and facilities to secure 
sales-enhancing decorative metal trim and parts. 
Among these are: 
S- 
Ww 
es 
n- | =f O} GbObbAE @B vrocrore wast | ) 
e- 
ed Hotpoint TV G.E. initials and Fisher Panel Bendix Washer 
) escutcheon by insignia by by Panel by 
os Eembos Kolfor Etchrite Rooibos 
in 
n- 
al 
y; 
H. 
en Rolbos — roller embossing (including “stop-roll’’). Embos — mechanical embossing. 
li Etchrite — sharp etching. Kolfor — cold forged coined letters with integral lug. 
of Lithographing * Stamping * Anodizing * Plating * Enameling Working in All Metals. 
d “WE DESIGN AND BUILD OUR OWN TOOLS AND DIES.” 
he 
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“Wrought from the finest 


Dn etenns 


materials in the wor 


oom 


CONTINENTAL MARK II 





Example: SICON’Heat Resistant Finish | 


i his 
@ The basis for the selection of SICON was thi 


; N- 
cherry-red temperature test in a brcagite 
coated flexible hose, connecting man! ato 

subjected to 1000°F., substantially” 
ae a would be encountered under maximum 
caaaaine conditions. SICON did not char or chip 
but fully retained its color and gloss. 
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iM ID LAND Grdushial Finishes Z. Waukegan, Ill, Dept.C-! 


@ Only the finest in materials are good enough for the magnificent 
Continental Mark II. SICON not only resists high temperatures 
on the flexible hose connection—where the movable segments 
would quickly chip ordinary finishes—but also retains its rich color 
and gloss to assure fine appearance. 

Wherever there is high temperature, wherever product appearance 
is as important as protection you need the tough film adhesion of 
SICON. You can specify SICON in black, aluminum—even in 
smart decorative colors. Write for SICON literature... today. 


Sicon 


The Original Silicone Heat Resistant Finish 





ENAMELS * SYNTHETICS ° LACQUERS ° VARNISHES 
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Mineral-Filled 
Melamine 


Gloss-Reinforced 
Alkyd — 








109 48 96 144 192 240 
Exposure Time at 96% R.H.and 73F, hr 


Insulation resistance of miniature 


connector plugs made of silicone- 


glass and other materials. 


difference would be even more 
marked at elevated temperatures. 

The silicone-glass compound is 
produced by Dow Corning and 
called 301 Molding Compound. 
Composed of fibrous glass strands 
impregnated with silicone resin, it 
is supplied in ready-to-use fibers 
measuring approximately 7% in. 
in length (M&M, Jan ’55, p 141). 

Approved under — specification 
MIL-M-14E, Grade MSI-30, type 
301 silicone units are currently 
being tested in guided missiles, 
industrial oven and kitchen ranges. 


Self-Locking Nuts 
Use Nylon Inserts 


Self-locking threaded bolts con- 
taining a nylon pellet are claimed 
to save up to 85% of previous 
assembly times on airframes and 
airframe parts. Introduced by 
Standard Pressed Steel Co., Jen- 
kintown, Pa., and Cooper Preci- 
sion Products, Los Angeles, Calif., 
the new fasteners incorporate the 
patented Nylok principle (see 
M&M, July ’56, p 146) and are 
reported to be virtually vibration- 
proof. The Nylok principle makes 
use of the elastic properties of 
nylon to provide self-locking ac- 
tion on threaded fasteners that 
might otherwise loosen under se- 
































MATTER WHAT. THE CALENDER TEMPERATURE 
EXON SOLVES THE PROBLEM 







































l }, s . . 

mi EXON 900 Series resins are tailored to your( temperatures 

‘pe 

{ ly s s s ca . . . 

es, ... typical of the Pin-Pointed Properties in Exon vinyl resins 

es. 
This unique fitting-the-resin-to-the-need is fast blending to fuse in shorter time, to 
what makes Exon industry's most com- keep sheeting free of “fish-eyes,” assure 
plete source of vinyl resins. high quality, uniformity. 

Take our friends, the calenderers. They Then Exon engineers tailored this basic 
on- produce vinyl in sheet form which calendering resin to the temperature be- 
1ed - demands resin properties quite different havior of processing equipment . . . devel- 
-_ ire stone from those used in other forms of vinyl oped Exon 905, 915, 925 resins so that 
nd | . processing. Yet even having those proper- heat problems never again need hinder the 
by la a \ ties is not enough. For calendering equip- production of any calender. 
en- a org i ment varies widely in processing charac- It’s a typical example of Exon at work, 

ne fremecetingy ; fj —T P . ° ° ° ° ° 
i ii | | teristics, particularly in temperatures. pin-pointing properties to special needs. 
if. | Exon engineers created a basic resin to Consider your problem. Then, for a 
the give calenderers the necessary properties resin pin-pointed to the ideal solution, call 
see to begin with. This resin was made to be or write Firestone today. 
ae f*% a7 FP te call For complete information and technical service, call or write: 
on- SS Ni RC in 
. | CHEMICAL SALES DIVISION 
* RESINS ___ FIRESTONE PLASTICS CO., DEPT. 73E, POTTSTOWN, PA. + A DIVISION OF THE FIRESTONE TIRE & RUBBER CO. 
ol Seni saenisncentiommenneniennnel 
ac- INDUSTRY’S MOST COMPLETE LINE OF VINYLS ENGINEERED TO YOUR SPECIFIC NEEDS 
nal 
se- For more information, turn to Reader Service Card, Circle No. 417 
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Available Now!! 


Reprints of 


MATERIALS & METHODS 


MANUALS 


Because of the great demand for the well-known Manuals that are 
being widely used for reference purposes, we have reprinted the 
following MATERIALS & METHODS Manuals for your use. These 
outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials, parts and finishes. 


The price is right! Only 35¢ for each reprint. On orders of 100 or 
more, an even greater saving is offered—3o0¢ apiece. To obtain your 
copies, indicate in the handy coupon below the Manuals you want. 
Orders will be filled as long as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS & METHODS, then avail yourself of an additional 
service offered by our Reader Service Department. Let us add your 
name to our mailing list, and you will receive the next 12 Manual 
reprints, one each month, for the reasonable price of $4.00 per year. 
Just fill in the coupon below and mail it to: 


Reader Service Department 
MATERIALS & METHODS 
430 Park Avenue 
New York 22, New York 


VY Quantity 


....Wrought Phosphor Bronzes 

....Carbon and Low Alloy Steel Castings 
....Carburizing of Steels 

...Malleable lron Castings 

....Surface Hardening of Steels and Irons 
.... Selecting Metal Cleaning Methods 

.... Engineering Coppers 

.... High-Strength, Low-Alloy Steels 

.... Sandwich Materials 

....How Nuclear Radiation Affects Engineer- 


ing Materials 


..Close Tolerance Castings 
.... Age Hardening of Metals 
..Clad and Precoated Metals 
.... Wrought Non-Leaded Brasses 
....Silicones—Properties & Uses 
... Short Run Press Formed Parts 
.+..Metals for Short Time Service 
....Finishes for Plastics 
.... How to Select a Wrought Stee! 
.. Impact Extruded Parts 
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vere shaking and jarring. 

The plastic memory of the n 
lon pellet permits repeated use o|{ 
a given fastener up to 15 times 
without effectively reducing hold 
ing power or the _ breakaway, 
torque required for removal. Ayv- 
erage removal torque encountered 
after 15 removals on a test of 20 
aircraft fasteners containing ny- 
lon inserts was just under 15 in.- 
lb, more than double the allowable 
minimum of 6.5 in.-lb. Torque re- 
quired for the first removal did 
not exceed 52 in.-lb, which is 8 
in.-lb under the maximum allowed. 

Tensile values of over 29,000 
psi, based on random’ samples 
from the same lot, show that ny- 
lon pellets when inserted in the 
threads of an aircraft bolt do not 
alter the bolt’s ultimate strength. 
Bolts with and without nylon in- 
serts from the same lot have an 
identical response to equal tensile 
forces when elongated within the 
elastic range of the material used 
in the fastener. 

In order to preload a Nylok fas- 
tener to the same stress level as 
a standard fastener of the same 
kind, additional torque is recom- 
mended. Failure to apply this ad- 
ditional torque may result in pre- 
loads below the desired level. 

The nylon inserts are available 
on a wide variety of fastener 
types and configurations, includ- 
ing high strength steel aircraft 
bolts and titanium tension-fatigue 
bolts. The inserts are approved 
for use at temperatures up to 
250 F and are said to be resistant 
to water, commercial solvents, al- 
cohol, gasoline and oils. 


New Method Eliminates 
Hot Tests of Structures 


A new method of evaluating air- 
craft structures for high tempera- 
ture service may greatly speed 
up the process of designing air 
craft by eliminating the necessity 
for much of the expensive and 
time-consuming testing of the 
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Even after a year’s exposure to storms, salt and humidity on a Florida pier 
a two-piece hollow kitchen cabinet door of Weirzin electrolytically zinc- 
coated steel remained gleaming bright on the inside, and held its finish 
beautifully on the outside. Note what happened to the inside of the plain 
steel door that went through the same test. That’s rust and lots of it 
... @ completely ruined product both inside and out. 


There’s a profitable moral for you in that story—of a com- 
parison test conducted by a leading manufacturer of kitchen 
cabinets for its own satisfaction. The moral: You can pro- 
tect your products right from the start by using Weirzin 
right from the start. Its skin tight electrolytically fused zinc 
coating, uniformly applied, takes the toughest fabricating 
steps without peeling or flaking. Because it does stand up 
under the severest bending, drawing, crimping, flexing, you 
can forget coating or recoating—and its extra cost. 


Furthermore, chemically treated Weirzin takes paint, enamel 
and lacquer beautifully, holds them indefinitely, eliminates 
underfilm corrosion. 


Send for free booklet . . . get all the facts on Weirzin’s many 
Cost-saving advantages. Write to Weirton Steel Company, 
Dept. E-9, Weirton, West Virginia. 





=. ~~ 


WEIRTON STEEL 





COMPANY 


WEIRTON, WEST VIRGINIA 


A DIVISION OF 


NATIONAL STEEL ab C 





For more information, turn to Reader Service Card, Circle No. 535 
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..another job 


done better with UNITCASTINGS! 





Faced with a problem of economically producing a 

starter housing that would take more than normal abuse, 
Unitcast engineers successfully provided the answer with 
steel castings. Previous to the use of Unitcastings, 
replacement costs were excessive and the need of a 
tougher material was imperative. Cost was also an 
important requisite, and by delivering consistent quality 
in conjunction with a tougher material—scrap and lost 
time has been held at a minimum. To date, more than 
33,000 units have qualified with a higher basic cost being 
offset by practically no replacement and most important 
—a lower finished cost! 


Take another look at the finished cost of your parts inventory 
—perhaps you can do better with Unitcastings! Consult a 
Unitcast engineer, soon! 


UNITCAST CORPORATION, Toledo 9, Ohie 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 










QUALITY 
STEEL 
CASTINGS 


For more information, turn to Reader Service Card, Circle No. 515 
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structures at service temperatur 
The method uses the results 
structural tests at room temper: 
ture together with the results , 
materials tests at elevated tempe) 
atures to predict the performanc: 
of structures at elevated tempera 
tures. 

As reported in the October j 
sue of the University of Michi 
gan’s Engineering Research Inst; 
tute News, it was found that us 
ing linear mechanical models to 
represent material behavior pro. 
vided a simple means of analyzing 
fairly complex structures. Thes 
linear mechanical models are ma 
thematical representations which 
use springs and dampers in vari 
ous combinations to determine the 
behavior of the material. The) 
react to a given force in much the 
same way as the actual material 
does, and creep properties are de- 
termined in this way. The main 
advantage of the method is its 
simplicity compared to other an- 
alyses utilizing nonlinear stress- 
strain relations. 

The inherent assumption that 
stress is proportional to strain is 
not valid, but the linear model 
representation leads to relatively 
simple methods of analysis which 
could be of great value in design 
work if the limitations of the 
theory are kept well in mind. The 
ERI group felt that the linear 
model would probably give good 
results in any structure when the 
stress did not vary over a wide 
‘ange in time or within the struc- 
ture. 

One method by which the stress 
level effect could be incorporated 
into the calculations is the deter- 
mination of the family of memory 
functions for the material at vari- 
ous stress levels. By means of the 
memory functions, the _ stress- 
strain effect at a given tempera- 
ture and time is_ represented. 
These functions mathematically 
relate the behavior of the linear 
model to the structural material. 
The constants used in this func- 
tion are determined by the con- 
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Wolverine aluminum tube is available in 
straight lengths and coils, in finned and prime 
surface form. 


oy, Representative of Wolverine's fabrication 


techniques are these evaporator sub-assembly, 
left, and serpentine coil. 





Wolverine’s Spun End Process produces one- Wolverine extruded aluminum shapes are 


piece, tubular-shaped parts with fully or partially Hf Q=> rigidly quality controlled to meet customer 
closed end treatments. ) ” — specifications. 
TO INCREASED EFFICIENCY 


Are you using aluminum tube, extruded tubing and, at the same time, get a much 
shapes or fabricated parts of aluminum in better heat transfer job. 
your manufacturing process? If you are, 
Wolverine Tube can help you increase Wolverine’s complete fabrication facilities, 
efficiency, cut costs and save valuable which include its exclusive Spun End Process! 
time. can shape and bend tubing to your require- 
ments—often doing in one, economical step 
Because Wolverine drawn and extruded that which requires a number of operations 
aluminum tube is available in extra-long from your manpower and equipment. 
coils, for example, you can reduce stock 
chasing, free floor space and speed up These are but a few of the ways in which 
assembly operations. Wolverine Tube can help you do a better 
job. Why not get the facts from your 
With Wolverine Trufin®—the integrally Wolverine sales representative next time he 
finned tube—you can do away with the calls? Write, too, for Wolverine’s aluminum 
work involved in assembling applied fin catalog. Senaente envant some ven 


Wolverine Trufin available in Canada through the Unifin Tube Company, London, Ontario 


CALUMET @ HECLA, INC. 








CALUMET DIVISION WOLVERINE TUBE 
WOLVERINE TUBE DIVISION 

FOREST INDUSTRIES DIVISION 

GOODMAN LUMBER COMPANY Division of Calumet & Hecla, inc. 
CALUMET & HECLA 

OF CANADA LIMITED 1439 CENTRAL AVENUE, DETROIT 9, MICHIGAN 


CANADA VULCANIZER AND 
EQUIPMENT COMPANY LIMITED Manufacturer f Jality ntrolled Tu 


LANTS IN DETROIT, MICHIGAN, AND DECATUR, ALABAMA SALES OFFICES IN PRINCIPAI fl By 
EXPORT DEPARTMENT, 13 EAST 40TH STREET, NEW YORK 16, NEW YORK $027 
For more information, turn to Reader Service Card, Circle No. 556 
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For strength and light weight... 


specify Hackney seamless shells 


This family of hydraulic accumulator shells illustrates two of the 
outstanding advantages which are yours to command when you 
specify Hackney seamless deep drawn shapes and shells. Strength 
to resist pulsations and hydraulic pressures. Light weight to reduce 
heft of the completed assembly. 


Formed from a single sheet of metal, Hackney seamless shells 
can often replace heavy forged, cast or welded-pipe parts in hy- 
draulic or pneumatic equipment. They’re favorites, too, for designers 
of equipment for air conditioning, refrigeration, food or chemical 
processing. Streamlined shapes improve product appearance, and 
often result in lower unit costs. 


Shapes may be cylindrical, spherical, conical or tapered—in a 
great variety of sizes and metals. Send us a sketch, and our engineers 
will gladly work out the details that meet your requirements. 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 


1442 South 66th Street, Milwaukee 14, Wisconsin 
Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 





For more information, turn to Reader Service Card, Circle No. 385 
186 * MATERIALS & METHODS 











stants of the material. This pro 
cedure would at least give a rough 
approximation to the true solu- 
tions, including the effect of 
stress level. In particular, if jn 
the calculations based on the linear 
model representations the memory 
functions corresponding to the 
highest stress level to be expected 
were always used, the _ theory 
would give upper bounds on the 
deformations to be expected. 
Test procedure 

Since the tests were to be car- 
ried out at elevated temperatures, 
a special oven was designed and 
built in the Structures Laboratory 
of the University of Michigan. 
The tests consisted of the applica- 
tion of distributed lateral loads to 
six aluminum alloy fins from the 
AT-6 airplane. The tests were car- 
ried out at temperatures ranging 
from 75 to 7000 F. The fins were 
mounted on a steel supporting jig 
and enclosed in the oven. Load 
was applied by means of a linkage 
which simulated uniformly dis- 
tributed loads. The total load com- 
prised rapidly applied destructive 
loads, as well as smaller loads ap- 
plied for longer periods of time 
until the structure failed by creep 
buckling. 
Results of tests 

The investigators found that: 

1. The maximum load that could 
be supported decreased as temper- 
ature increased, as was expected. 

2. It is possible to predict the 
elevated temperature strength of 
a structure with reasonable accu- 
racy from the properties of the 
material at elevated temperature 
and the results of structural tests 
carried out at room temperature. 
The fact that all failures occurred 
in the same manner and at the 
same location indicated that, at 
least for structures which were 
predominantly of one material, be- 
havior at steady elevated tempera- 
tures would not be significantly 
different from that at room tem- 
perature, except for the fact that 
the ability to carry a load would 
decrease. 

3. It is possible to determine the 
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PERMANENT MOLD 
_ GRAY IRON CASTINGS 





RESULT: Better Finish at Lower Cost 













ip- In addition to the long recognized advantages of Eaton C 7] ] 
me , ' onsider these 
ep Permanent Mold Gray Iron Castings, the use of shell 
Important Advantages 


coring gives an even greater uniformity of structure 






id and an improvement in internal surface finish. This ™* Intricately cored sections 

.r- ‘ = — * Uniformity of casti 

zi results in machining economy and fewer rejections, ii, Pali ait 

7 * Higher machining feeds and speeds 
: 

: which, in the end, mean lower cost of finished parts. Siesta Manned tei he 

‘u- P - : * Dense, non-porous, homogeneous 
he If you have applications where more than ordinary dai 

ize ° ° . 

ts quality is required, Eaton Permanent Mold Gray Iron * Freedom from inclusions 

re. : . * i 

# Castings offer many advantages. Whatever your require- Tene TONS CaM MeOREEA 

7 ; ; : * Ability to take high surface finishes 

ments, our engineers will be happy to work with you. 

at * Freedom from leakage under pressure 
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MANUFACTURING COMPANY 
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Now = threaded ceramics 
that permanently hold 
precision tolerances! 


Another reason 
to insist on Centralab 


Centralab 
Engineered 
Ceramics ..«-. 


Threads ground into the ceramic itself — 
after firing. There’s no shrinkage to cause 
variations in width and depth. 


- can be extruded 
or molded 


—.can be worked 
before firing the same 


Other fired-ceramic precision-grinding 
as metal 


surface, and lap grinding — to precision 
tolerances previously unavailable. 


= ground, drilled, 
threaded, or tapped 


= can be metallized 


Guide, Bulletin 42-221. Or refer to it 
in Sweet’s Product Design File. 






Ss 
— 
SS 
Ne 


946C East Keefe Avenue °* 
In Canada: 804 Me. 


og e. ce a 


ENGINEERED PACKAGED CERAMIC 
RESISTORS CERAMICS SWITCHES 


E : é 
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VARIABLE 
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Ask Centralab to quote on your requirements. 


ELECTRONIC CIRCVITS CAPACITORS SEMICONDUCTOR 


ie ii a anil PS OTOT RIE TE et 


operations include centerless, cylindrical, disc, 


Write for Centralab’s Ceramic Buyer’s 


A DIVISION OF GLOBE-UNION INC. 
Milwaukee 1, Wisconsin 
Pleasant Road, Toronto, Ontario 
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critical deformation at which 
stability of the structure tends jo 
develop. 

4. It is possible to estimate t 
time at which a given high speed 
aircraft should be regarded as uy 
safe for further flight. 

They also concluded that by 
carrying out additional tests simi- 
lar to those performed in connec- 
tion with this project it would be 
possible to develop empirical meth- 
ods for estimating 1) ultimate 
strength of a built-up structure 
at elevated temperature; 2) the 
safe life of the structure in terms 
of flying hours at elevated tem- 
perature; and 3) the permissible 
load factor at any time during the 
life of the craft—all these if the 
ultimate strength and maximum 
deflection of the structure at room 
temperature and the properties of 
the material at room and elevated 
temperatures were known. They 
stated that conventional aluminum 
alloys would probably prove to be 
reasonably satisfactory from the 
standpoint of strength at temper- 
atures up to 600 F, although the 
weight of such structures would 
be considerably greater than that 
necessary at room temperatures 
and the life might not be more 
than a few hundred hours. 


Acrylate Coatings 
for Solvent Resistance 


Flexible, acrylate-base surface 
coatings made of Vyram rubber 
are currently being evaluated by 
the Development Dept., Monsanto 
Chemical Co., Nitro, W. Va. for 
use in both petroleum and ester- 
based hydraulic fluids. Vyram ac- 
rylate elastomer was originally 
developed by Monsanto as a solv- 
ent resistant rukber (see M&M, 
June ’55, p 148). 

The company has _ successfully 
worked out methods for putting 
the polymer into solution. How- 
ever, use of the material as a coat- 
ing will require considerable study 
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for adaptation and _ refinement. 
Only black coatings can be sup- 
plied at present. 

The acrylate coatings have been 
found to adhere well to steel, alu- 
minum and rubber. They are ex- 
pected to be suitable as finishes 
for metal and as coatings for such 
conventional rubber items as ma- 
chine mounts, cushions, liners, 
wiring and hoses. 

The coatings can be sprayed, 
dipped or brushed. Films dry to 
the touch in about 4 hr at room 
temperature, a full cure requiring 
about 72 hr at 70-90 F. Curing at 
212 F gives a full cure in about 
3) min. Prolonged curing at tem- 
peratures above 300 F results in 
continued hardening of the film 
surface with some loss of flexibil- 
ity. The mixed catalyzed material 
has a shelf life of approximately 
8-12 hr at room temperature. 


Creep Strain Tester 


Developed in Germany 


A low cost creep strain tester 
for testing metals at high temper- 
atures has recently been intro- 
duced by the West German firm 
of Mohr & Federhaff, Mannheim, 
Germany. The tester, said to oc- 
cupy about as much floor space as 
a typewriter, is available in two 
basic models. One model contains 
units in multiples of five furnaces 





























Battery of twelve creep strain 
testers developed and manufactured 
im Western Germany. 
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This is an actual 
photo of a surface 
prepared by polish- 
ing and etching a 
cross-section of a 
forging, to reveal the 
“grain flow.”’ (x2) 













A PICTURE OF ADVANTAGES YOU 


can cet ONLY rrom FORGINGS 


In the picture above you see the grain flow ina forging. 


This picture demonstrates two things. First, the metal is 
dense and free from porosity. The impact or pressure of 
forging helps make it so. Such density is important when 
parts must have machined surfaces, when they must provide 
reliable strength and safety, and when they must be tight 
against leakage of liquids or gases. This quality reduces rejects 
and saves money. It contributes to safety and saves lives. 

Second, notice how grain flow lines follow the shape of 
the part. This improves impact resistance and fatigue strength 
of the part. In closed-die forging, these flow lines can be 
positioned, to give maximum properties where they are 
needed. As a result, forged parts can be lighter, safer, stronger, 
and frequently less costly. 


Thus this picture shows you why forged metal is metal 
you can trust. You can trust forgings for performance, and to 
save money. Find out how forgings can improve your products, 
your costs. Consult a Forging Engineer, and send for the 
booklets offered below. 


closed-die f 2 for metal 
; orgings you can trust 


DROP FORGING ASSOCIATION 
Dept. MM, 419 S. Walnut St. © Lansing, Michigan 





Symbolic emblem of the 
— Drop Forging Awocsation 





wa , Attach this advertisement signature to your letterhead 
ro and mail to Forgi: peariation 6 soreing bool. 

ee" let What is a ing?” [| or “Management Gui. 
Pa to Use of Forgings’. {-] Check title or tittes desired. 
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Wins one 
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SAFETY 
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PERMANENT 
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CLEAN-OUT 
DOOR AND 
DRAIN 








ELECTRIC 
STRIP 
HEATERS : 


DETREX DEGREASING SUPERIORITY 
Available in Small Compact Unit 


Now Detrex offers you unexcelled degreasing efficiency and capacity 
for 600 lbs. of steel parts per hour in a compact, standard unit that 
occupies less than 10 square feet of floor space! It is absolutely the best 
buy in degreasing equipment on the market today. 






















Manually operated, this mighty little vapor-spray-vapor degreaser re- 
moves waxes, oils, grease and other processing soils thoroughly and 
effortlessly from small to medium size parts. Parts in basket can be 
handled by hand or with a small hoist. All parts are removed from the 
Cadet clean, warm and dry .. . ready for finishing or further processing. 


For laboratories, low production departments in all types of plants, 
garages—in fact for anyone who needs to clean metal parts—the Cadet 
brings the economy of Detrex degreasing completely within reach. 


Send for new bulletin which gives full details on this new unit. No 
obligation at all. 


Please rush me your literature on the new Detrex Cadet Degreaser. 


NAME 





COMPANY. 





ADDRESS. 





ZONE STATE 





DEPT. A-1202 





CHEMICAL INDUSTRIES, INC. 
BOX 501, DETROIT 32, MICHIGAN 


DEGREASERS e DEGREASING SOLVENTS e WASHERS e« ALKALI 
AND EMULSION CLEANERS © PHOSPHATE COATING PROCESSES 


For more information, turn to Reader Service Card, Circle No. 367 
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with each furnace designed to 
hold a single sample. Each indi- 
vidual furnace of the unit can be 
run at different temperatures and 
stresses if so desired. The other 
model is a single furnace unit 
designed to test up to 10 samples 
simultaneously. 

Testing temperatures for both 
models range from 0 to 1832 F, 
and temperature readings, accu- 
rate to within +41 F, can be in- 
stantly read and recorded. Accord- 
ing to company officials, the 
construction of the individual 
units allows for one set of electri- 
cal controls to serve a battery of 
as many as 50 furnaces at once. 

Further information on _ the 
testers may be obtained from R. 
L. Simons, 50 Broad St., New 
York 4, N.Y. 


Filled Epoxy Resin 
for Radiation Shields 


A high density, filled epoxy 
casting resin has been developed 
by Furane Plastics, Inc., 4516 
Brazil St., Los Angeles 39, Calif., 
to act as a shield against harmful 
radiation from nuclear reactors. 
Called Epocast 11-C, the casting 
resin is said to arrest alpha and 
beta radiation and to offer sub- 
stantial resistance to gamma radi- 
ation. 

The resin sets rapidly at room 
temperatures. It can be cast into 
rectangular shielding and _ into 
such shapes as shields about valve 
bodies, pipe fittings and other 
parts used in nuclear power plants. 

(more What’s New on p 194) 








Correction 


In the Jan ’57 article, “Nickel- 
Free Stainless Steel,” the ex- 
pression “chromium-manganese- 
nickel,” which appears on page 
104, column 3, line 7, and page 
105, column 1, line 18, should 
read “chromium-manganese-ni- 
trogen.” 
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Norton ceramic fuel elements 


Separate facility now producing ceramic fuel elements 


and various reactor components 


To meet the demand for more- 
economical, more-efficient reactor fuels, 
the trend is towards ceramic types — be- 
cause of their greater resistance to cor- 
rosion and radiation, the ease with which 
they can be reprocessed, and their ability 
to operate at higher temperatures. 
Norton Company’s long experience in 
the development of high-purity ceramics 
has now led to the commercial produc- 
tion of ceramic fuel elements. 


Take Advantage of Norton Assistance 
in bringing special nuclear materials into 
successful use in the development of 
nuclear power plants. In addition to the 
development and production of ceramic 
reactor components, Norton experience 
includes highly specialized refractories 
for missile, metallurgy, chemical, and 
furnace applications. These top-perform- 





ing Norton refractory R’s — engineered 
and prescribed for the widest range of uses 
— are of increasing interest to nuclear 
engineers. They include alumina, silicon 
carbide, thoria, urania, zirconia, mag- 
nesia, dolomite, and numerous borides, 
carbides and nitrides — that have bene- 
fited nuclear as well as general industrial 
developments. 

A special Norton Research and De- 
velopment section, devoted to the devel- 
opment of precision ceramics and familiar 
with both nuclear and refractories devel- 
opment, co-operates whenever possible 
with industrial, government and academic 
research activities. Your progress may be 
speeded up by utilizing Norton co- 
operation and products. For further in- 
formation write to Norton Company, 
Refractories Division, 342 New Bond 
Street, Worcester 6, Massachusetts. 


Visit Booth #120 at the International Atomic Exposition 


For more information, turn to Reader Service Card, Circle No. 491 








REFRACTORIES 


Engineered... Ky ... Prescribed 


Gdaking better products +» « 
to make your products better 





NORTON PRODUCTS: Abrasives « Grinding Wheels 
Grinding Machines ¢ Refractories 
BEHR-MANNING PRODUCTS: Cocted Abrasives 
Sharpening Stones © Behr-cat Tapes 
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How 


SHENANGO 
CENTRIFUGAL 


CASTINGS 
pay off! 


+ 


COPPER, TIN, LEAD, ZINC BRONZES 


194 


MONEL METAL - 


NI -RESIST 


I 


CENTRIFUGALLY CAST FOR 
PRESSURE SERVICE. This large 
sluice gate operating cylinder, 
assembled by precise shrink 
fit as shown here, will safely 
handle pressures up to 250 
psi. The Meehanite Metal cyl- 
inder housing, sleeved with a 
bronze liner 20” in diameter 

. are both centrifugally cast 
by Shenango for increased 
tensile strength and improved 
resistance to wear, stress and 
abrasion. For complete infor- 
mation on rough finished, 
semi-machined or precision- 
machined parts, ferrous or 
non-ferrous, write to: Centri- 
fugally Cast Products Division, 
The Shenango Furnace Com- 
pany, Dover, Ohio. 


nen 


ALUMINUM AND MANGANESE BRONZES 


MEEHANITE’ METAL + ALLOY IRONS 


For more information, turn to Reader Service Ca:d, Circle No. 511 
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CENTRIFUGAL 
CASTINGS 


IN MATERIALS 


Some typical parts made from soft 
silicone rubber. 


Two Silicone Rubbers 


Two new silicone rubber com- 
pounds have recently been intro- 
duced. One is a very soft silicone 
rubber available in sheets, mold- 
ings and extrusions. The other is 
a low compression set material. 
1. Soft rubber 

A soft (27 durometer) silicone , 
rubber stock that is said to have' 
compressibility properties in the 
range of silicone sponge rubber 
has been developed by Connecticut 
Hard Rubber Co., 407 East St., 
New Haven 9, Conn. Silicone 
sponge rubber is slightly softer 
than this new material, but not 
as readily moldable, the company 
says. 

Called Cohrlastic R-11568, the 
soft silicone rubber will be avail 
able initially in sheets, moldings 
and extrusions. Sheets are avail- 
able in thicknesses from 1/16 to 
1% in., moldings in 1/16 to 1-in. 
sections, and extrusions in 10-ft 
lengths. 

The soft sealing material, which 
is adaptable to complicated shapes, 


TYPICAL PROPERTIES 
OF COHRLASTIC RO011568 


Tensile Strength, psi 
Elongation, % 
Hardness, Durometer A 
Tear Strength, !b/in. 


Dry Heat Resistance (24 hr at 450 fF), 
durometer A hardness change 


Compression Set (22 hr at 350 F, 
60% comp), % 



































SEND FOR 
YOUR FREE 


A COMPLETE CO PY... ae 


10 and BLACK FLUX added to the line of 
Gilt APW Fluxes, you can at last key the 


selection of flux to the precise require- 
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4 TIE | ments of the job in production. 
-om- SELEC Do this to get easier, more rapid, 
seid a consistent production, greater econ- 
ero G omy and fewer rejects. Our fluxing 
om FLUXIN manual “A Complete Guide To Selec- 
“ " fo tive Fluxing For Low Temperature 
al. // LOW Silver Brazing” provides all the data 
FOR you'll need to know why and how to 
nna, make the correct selection of flux. 
nave | PERATURE Write for your copy, today! We'll 
me TE be glad to rush it to you by return mail 
: | —no charge, of course. . * 4 
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THE SiLVALOY DISTRI BuTORS 
BURDETT OXYGEN COMPANY OLIVER H. VAN HORN CO., INC. EDGCOMB STEEL COMPANY STEEL SALES CORPORATION 
—_ CLEVELAND + CINCINNATI NEW ORLEANS, LOUISIANA PHILADELPHIA, PA.» CHARLOTTE,N.C. CHICAGO, ILL. * MINNEAPOLIS, MINN. 
, COLUMBUS + AKRON + DAYTON FORT WORTH, TEXAS + HOUSTON, TEXAS BALTIMORE, MD. + YORK, PA. INDIANAPOLIS, IND. » KANSAS 
YOUNGSTOWN + MANSFIELD + FINDLAY KNOXVILLE, TENN. CITY, MO. + GRAND RAPIDS, MICH. 
0 MAPES & SPROWL STEEL COMPANY cindne Giak — PACIFIC METALS COMPANY LTD. periment get ee oe 
UNION, NEW JERSEY +» NEW YORK CITY ' 


SAN FRANCISCO, CALIFORNIA 


EAGLE METALS COMPANY EDGCOMB STEEL OF NEW ENGLAND, INC. SALT LAKE CiTY, UTAH LICENSED CANADIAN MANUFACTURER 
1! SEATTLE, WASH. + PORTLAND, ORE. MILFORD, CONNECTICUT LOS ANGELES, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. NASHUA, NEW HAMPSHIRE SAN DIEGO, CALIFORNIA TORONTO + MONTREAL 





LOW TEMPERATURE 


— 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 
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in V2 sheets 





Size 
12x12 
18x 18 
24x24 
36 x 36* F 
48 x 48" 
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HERE’S WHY: You can 


order in quantity and in = 
a wide variety of sizes— VY 
and be certain of complete 2 
uniformity throughout. = 
Our strict density control Z 
assures you thoroughly 
non-porous Teflon— 

free from any flaws which 





DIAMETER INCHES 


Other diameters 
on specification 


1 

“eo 
1% 
1% 
1% 
1” 
1% 
2 
2% 
2’ 
3 





might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 
tolerances—no rejects, 
waste of material or loss 
of time. You get product 
purity— Teflon at its 
best in every one of its 


remarkable characteristics. 





—_— 









Delivery is prompt—you 
get the quantity you 
want when you want it. 
Since the availability of 
Teflon, ‘John Crane’’ 
engineers have worked 
with Industry to successfully 
solve innumerable problems and 


develop new applications. You can 


benefit from their experience 
and know-how. 


Request full information and ask for our bulletin, The Best in Teflon. 
Crane Packing Co., 6460 Oakton St., Morton Grove, Ill., 


(Chicago Suburb). 


(n Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


YPICAL SIZES 
INCHES 
0.d. 1. D. 
¥y% Va 
Yr % 
yA Ya 
1 Ys 
1”% 1 
2%. I” 
3 1% 
Characteristics of Teflon 
CHEMICAL 
Completely inert. 
ELECTRICAL 


Very high dielectric strength. 
Extremely lew power fecter. 
THERMAL 


Temperature 
—300° te + 500° F. 
MECHANICAL 
Strong, flexible, weather 
resistant. 
LOW COEFFICIENT OF FRICTION 
Absolutely non-stick. 


* DuPont Trademark . 
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has a temperature range of —1(\() 
to 500 F. It is odorless, tasteless. 
noncorrosive and noncontaminat- 
ing, and it is resistant to ozone 
and weathering. 

2. Low set rubber 

Designated SE-751, a low com- 
pression set silicone rubber that 
is said to withstand intermittent 
temperatures as high as 600 F 
has been introduced by Silicons 
Products Dept., General Electric 
Co., Waterford, N.Y. A 50 duro- 
meter compound in GE’s Class 700 
silicone rubber series, SE-751, can 
be made harder by adding certain 
diatomaceous fillers. 

The material can be extruded 
and calendered easily, and has low 
shrinkage and low water absorp- 
tion. The improved silicone rubber 
is particularly recommended for 
door seals in domestic and indus- 
trial ovens. 


Properties of Metals 
at Low Temperatures 


Low temperature research is 
providing much valuable _ infor- 
mation regarding flow and frac- 
ture properties of metals. For ex- 
ample, it has been found that at 
extremely low temperatures only 
metals with a body centered cubic 
structure show a strong depend- 
ence of yield strength upon tem- 
perature. However, the _ yield 
strength of these metals does not 
increase as rapidly at the lower 
temperatures as predicted by cur- 
rent theories of the temperature 
dependence of yield’ strength. 
Quenched and tempered steels and 
beta-brass exhibit considerable 
plastic deformation at —450 F. 

E. T. Wessel, in a paper de- 
livered at the 38th annual conven- 
tion of the American Society for 
Metals, further points out that the 
face centered cubic metal, nickel, 
and the close packed hexagonal 
metal, zirconium, show only slight 
dependence of yield strength upon 


(continued on p 200) 
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Official Marine Corps P¥iipgraph 


This MAN Forms MEN 


A Marine “D.I.” (officially “Drill Instructor”) guides 
each Marine through “boot camp” . . . shaping, strengthening, 
hardening, tempering the mettle that will enrich the greatest 
fighting tradition and esprit de corps in history. 

These machines form metal . . . The Cincinnati Milling 
Machine Company’s Hydroform® and Hydrospin®. In pro- 
duction on previously difficult-to-form aircraft, engine, missile 
and other components, they have greatly reduced vital devel- 
opment time . . . created savings of 50% and more in material, 
tooling and labor costs. 


A Process Machinery Division field engineer will give 
you detailed information on applying Hydroforming and 
Hydrospinning to your metal forming jobs. Why not ask 
him to call? 








Cincinnati® 19” Hydroform. 
Alse built in 8, 12’, 23”, 
26” and 32” sizes. 








PROCESS MACHINERY DIVISION 


THE CINCINNATI MILLING MACHINE C! 


Hyd roform- Hyd rospin CINCINNATI 8, OHIO, U. S. A. 
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BERYLLIUM 
COPPER 


Silvercote ® 


* OTHER NON- FERROUS 


test. 


round @ flat — 


“186 Caldwell Avenue 
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| NEY’S SMALL PARTS PLAY A BIG PART IN PRECISION 











Consider WIRE and the importance of its function 
in your product. Whether a highly engineered appli- 
cation or a simple stapling purpose, your choice of 
the proper alloy or composition, temper and type 
of wire could mean success or failure during crucial 





half-round = 
Precision gauges from Ys to .002. Close tolerances held. 
SPRING WIRE — WIRE FOR INSTRUMENTS 
ELECTRONICS — STRAND FOR WIRE ROPE AND 
BRAIDED APPLICATIONS — MANDREL WIRE 
WIRE FOR FORMS — RIVETS — STAPLING 
Send for descriptive folder. 


LITTLE FALLS ALLOYS 


INCORPORATED 
Paterson 1, N. J. 
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NEY’S SMALL PARTS PLAYA BIG PART IN PRECISION INSTRUMENTS 





pret 


ea 
(. — P.O. BOX 990 DEPT. C HARTFORD 1, CONN. 


Specialists in Precious Metal Metallurgy since 1812 


ies cy 
RSS ee eae a 


Consult Ney’s Engineering 
Dept. on any problem 


involving precious metals to 


improve your products. 


THE J. M. NEY COMPANY 


NEY’'S SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS 








Another reason why Materials & Methods 


helps sell materials, parts and finishes... 


Materials & Methods 


for the Best Use of Materials in in Product Design 


To encourage imaginative and 
progressive use of engineering 
materials in the design of in- 
dustrial and consumer products, 
Materials & Methods has 
announced its annual Awards 
Competition for the Best Use 
of Materials in Product Design. 


Judges: 


Sixteen awards totalling $2,000 
in cash prizes will be made for 
the products—new or redesigned 
in 1956—that demonstrate most 
effective use of metals, non- 
metallics, finishes, or material 
forms (i.e., castings, forgings, 
moldings, extrusions, etc.). 





iti iwWwtiy 


The M&M Awards Competition 
is certain to help widen the 
markets for materials by focus- 
ing attention on new and better 
uses. Further, it will help stress 
the importance of materials 
selection in the engineering and 
design of better products. 


/ Joseph L. Bonanno, Chief Engineer, Lionel Corp.; John P. Nielsen, Chairman, Department of Metailur- 


gical Engineering, New York University; John 8. Seastone, Director, Technical Division, Olin Mathieson 


/ Chemical Corp.; Walter Dorwin Teague, Industrial Designer, Walter Dorwin Teague Associates. 
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SPECIAL MACHINES | 


| To fill your commit- 
















ments on time 

economically and 
accurately . . . Our 
exclusive Weldment 
construction assures 
ruggedness and dur- 


ability-..easy modifi- 





cation to other re- | = for —100°F to 480°F sealing, gasketing 
quirements. Elimin- vibration dampening, pressure pads 
ate pattern cost. | Low density COHRIastic R-10470 silicone sponge rub- 
ber is completely flexible after 72 hrs. at 480°F, shows 
ee no brittleness after 5 hrs. at— 100°F. High tensile and 


tear strengths provide unusual elongation, closed cell 
construction is non-absorbing. R-10470 is called out on 


One of 5 - 25 ton hydraulic . . . . si 
presses machined and assem- Consult many aircraft and electronic prints . . . meets specs: 
bled by Composite Forgings. ep fa 


| MCI 4546; BMS 1-23; Scintilla 0-3143; Sperry P.691,764 
(type HTM). Available from stock in sheets io” thru 


COMPOSITE<FORGINGS, INC. 1", in vat 190" thru .585”. Special extruded shapes 


2300 W. JEFFERSON, DETROIT 16. MICH. FREE SAMPLE and data . . write, phone or use inquiry service. 


Phone TAshmoo 5-3226 | A PRODUCT OF (Gir Hl R THE CONNECTICUT HARD RUBBER CO., NEW HAVEN 9, CONN. 


SMALL PARTS PLAY A BIG PART IN PRECISION INSTRUMENTS 


NEY’'S 




















The M&M Awards Competition is the newest of 3 major services that attract 






interested and responsive readership from specifiers of materials: 





Materials : Materials 
& Methods ; & Methods 


CLOMPE.T LT HOM 





Set. ee 






— 
1 Every month M&M 2 The only annual reference ~ The only publication- 
publishes more editorial and issue devoted exclusively to sponsored awards competition 
advertising pages on how and materials selection. Entirely in for the best use of materials, 








where to use engineering data sheet form, it is the most parts and finishes in the 
materials than any other complete annual engineering design of industrial and 
magazine. materials reference published. consumer products. 













Materials & Methods / A Reinhold Publication | 430 Park Avenue, New York 22, New York 








NEw IMPROVED HARD FACING 





Tough, hard ceramic coatings 


provide superior bearing surfaces 


Sprayed alumina forms “sap- 
phire-hard” surfaces highly re- 
sistant to wear, abrasion and 
corrosion. Ideal for bearing sur- 
faces, seals. 


Development of the new METCO 
‘THERMOSPRAY GUN for spraying high- 
melting-point ceramic materials at low 
cost opens up a variety of new practical 
applications. One that has produced a 
great deal of interest is the use of 
sprayed alumina coatings for bearing 
surfaces and mechanical seals. This 
THERMOSPRAY 101 Ceramic Powder 
produces surfaces with a hardness of 
9.0 on the Moh scale, (only the dia- 
mond rates 10.0) with excellent resis- 
tance to wear, abrasion and corrosion. 
When used in combination with special 
phenolic or furane plastic sealers it 
provides superior protection against 
many acids. 


Another THERMOSPRAY Powder — 201 
— is zirconia which is somewhat softer 
than No. 101 but provides superior heat- 
insulating properties. Melting point of 
this material is 4600° F. and particle 
hardness 8.0 on the Moh scale. 


Pump rod sprayed 
with alumina 

provides superior -" 
protection against | 
abrasion and corrosion. 
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free bulletins 
(See last paragraph above) 





The following trade names are the property of Metallizing E 
neering Co., Inc. Metco*, THERMOSPRAY. *Reg. U.S. Pat. 


it, 


Hard-facing alloys of the self-fluxing, 
nickel-boron-silicon type in powder form 
can also be applied with the METCO 
Type P THERMOSPRAY GUN. These 
coatings may be fused, semi-fused, or 
left unfused depending on the hardness 
desired, from RC 30 to RC 65, depend- 
ing on the alloy and the process used. 


The new THERMOSPRAY GUN operates 
without compressed air, only oxygen 
and acetylene being required. The free- 
flowing THERMOSPRAY powders are fed 
to the flame nozzle from a hopper atop 
the gun, melted and propelied to the 
surface to be coated. These materials 
are sprayed many times faster (up to 
15 sq. ft. per hour—.010” thick) than 
has been possible with equipment previ- 
ously available. Deposit efficiencies are 
in excess of 95%. These factors result 


in extremely low coating costs. 


Preliminary engineering data con- 
tained in Bulletin 127 covers ceramic 
coatings while Bulletin 126 covers the 
hard-facing alloys. Either or both may 
be obtained by filling out the coupon 
below or writing on your company’s let- 
terhead. No obligation, of course. 





Metallizing Engineering Co., Inc. 
1175 Prospect Ave., Westbury, L. I., New York 


Please send me [] free Bulletin 127 (ceramic coatings) 
(— free Bulletin 126 (hard-facing). 


OF. 











Name 

Title Company 

Address 

City Zone State 
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temperature. The lack of 
temperature dependence of yik 
strength at the lower tempe) 
tures is considerably more p) 
nounced in these metals than it is 
in the body centered cubic metals. 
the yield remaining constant be- 
low —240 F. 

The work hardening character- 
istics of the various materials as 
related to test temperature may 
be divided into two categories: 
the face centered cubic and close 
packed hexagonal metals show a 
decided increase in capacity for 
work hardening at low tempera- 
tures, whereas the body centered 
cubic metals show a decided de- 
crease in ability to work harden. 

During the investigation, the 
author observed that quenched 
and tempered alloy steels do not 
show the usual large percentage 
increase of yield strength with 
decreased test temperature that is 
characteristic of the body cen- 
tered cubic metals. The author 
feels that this behavior is due to 
an initial high room temperature 
yield strength resulting from ecar- 
bide particle size, shape and dis- 
tribution. He proposes a relation- 
ship which provides a_ simple 
method of approximating the 
temperature dependence of the 
yield strength of alloy steels. 


New Metal Powder 
for Flame Spraying 


A high chromium-nickel metal 
powder designed especially for 
flame spraying of metal parts has 
been announced by Wall Colmo- 
noy Corp., 19345 John R St., De- 
troit 3, Mich. The as-deposited 
metal features a low coefficient of 
friction, controlled surface poros- 
ity and good oil retention prop- 
erties. 

Designated Colmonoy C-250 
powder, the hard facing material 
contains chromium borides. It is 
recommended for reclaiming worn 
or scored crankshafts, for salvage 
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BRIDGEPORT BRASS 


COPPER /\LLOW |SULLETIN 


Br dgep rt Reporting New Developments in Copper-Brass Alloys and Metalworking Methods 


Two Easily Machined 
Bridgeport Alloys That 
yr Offer Outstanding 
Advantages 





by M. A. BUELL 
Chief Staff Metallurgist 


When everyday requirements call for 
dependable, fast-cutting rod, consider- 
ation should be given to two outstand- 
ing free-cutting alloys: 

Bridgeport Alloy No. 6, the standard 
free-cutting brass rod, has exception- 
ally free-machining qualities. Contain- 
ing 61% copper, 3.4% lead and 35.6% 
zinc, it has a uniform composition and 
can be finished to extremely close tol- 
erances. 

Bridgeport Tellurium Copper Alloy 
No. 112 offers unusually good machin- 
ability — 90 as compared to 100 for free- 
cutting brass Alloy No. 6—but it also 
has extremely high electrical and ther- 
mal conductivity ratings as well as un- 
usually high resistance to corrosion. 

Tellurium Copper No. 112 is ideal for 
all types of electrical parts, welding 
torch and soldering iron tips, as well as 
any other heat- and electrical-conduct- 
ing parts requiring considerable ma- 
chining. . 

Comparative ratings of each alloy 
are given below. 


Free- 
Machining Tellurium 

Brass Copper 

No. No. 112 
Thermal Conductivity* 67 204 
Electrical Conductivity** 26 90 
Machinability Rating 100 90 
Cold-Working Poor Good 
Hot-Working Fair Good 
Hot-Working Range °F 1300-1450 1400-1600 


*Btu/sq ft/ft/hr/°F @ 68° F 
“*% \ACS @ 68° F Soft 


Quick Way To Solve Your Metals 
Problems 


Brass, copper and bronze alloys are all 
available in a widely varying range and 
combination of characteristics. Some are 
free-cutting, some have unusual ductility, 
others intrinsic hardness and still others 
high tensile strength. For best results, 
however, the metal should be matched to 


the job, both from the standpoint of ma- — 


chining as well as eventual product use. 
An easy way to get the answer to these 
questions is to talk over your metals selec- 
tion problems with your Bridgeport sales- 
man. Backed by Bridgeport’s Technical 
Service, he can give you the finest possible 
help in solving your metals problem. 





Free-Cutting Bridgeport Brass Piays 
Vital Role in Manufacture Of 
High-Precision Hypodermic Needies 





Roehr Products Company, Inc., 
Waterbury, Connecticut, and Deland, 
Florida, manufactures over 1000 differ- 


ent types of hypodermic needles for 
every kind of medical and veterinary 
use. Each needle is designed and manu- 
factured to high precision standards 
and to meet exacting tolerances on in- 
side and outside diameters, finish and 
concentricity. 
Hub Requirements 

The hubs—an extremely important 
part of the needle from the point of 
view of exact fit— are made of Bridge- 
port Free-Machining Brass Rod, Alloy 
No. 6. Hub needle holes range from 
.018” to .085”. Hubs are secured to the 
needles in a single press operation. In 
securing the needles to the hub it is im- 
perative to avoid exerting excessive 
pressure — otherwise the needle walls 
would be pressed together and the nee- 
dle would be constricted and useless. 
At the same time, the closure of the hub 
around the needle must be perfectly air- 
and liquid-tight. Each finished needle is 
tested under 45 pounds of pressure be- 
tween the needle and the syringe. 


BRIDGEPORT 








Free-Machining Brass Is 
Versatile 


The adaptability of Alloy No. 6 to 
the precise requirements of hypodermic 
needle manufacture is but another of 
the increasing number of jobs that this 
all-around alloy does so well. Its out- 
standing corrosion resistance is espe- 
cially important in medical and phar- 
maceutical use. Its affinity for plating 
is another quality that governs its use 
in these instruments. 


Wide Number of Uses 


Many millions of needles are manu- 
factured annually by Roehr—each must 
be flawless. Vaccine programs, blood 
banks, hospitals, doctors, veterinarians, 
research organizations, pharmaceutical 
houses — all must be sure that the nee- 
dles they use are perfect in every respect. 


Worth Investigating 


Perhaps your present or future man- 
ufacturing or fabricating needs are not 
so exacting as Roehr’s— perhaps they 
are more so. In either case, it will pay 
you to look into the impressive possi- 
bilities of Bridgeport Free-Machining 
Brass. Your Bridgeport salesman, with 
Bridgeport Technical Service behind 
him, will be glad to help. Call him. 


BRASS 


B t Bridgeport Brass Company, Bridgeport 2, Connecticut, Offices in Principal Cities 
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In Canada: Noranda Copper and Brass Limited, Montreal 
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Four Tap-Lok Inserts help to hold this die- 
cast housing rigidly to the bed plate of a 
sewing machine. 


of crankshafts used in high | 

formance marine engines, and 

compressor crankshafts of al 
kinds. The quality of the mechani. 
cal bond that can be obtained. 
according to the company, de- 
pends largely on the cleanliness of 
the metal surface and on whether 


ste proper grit blasting has been used. 


Ceramic Coated Steel 
for Electroluminescence 


make strong points A modified Panelescent lamp 


produced by Sylvania Electric Co. 
uses a piece of steel 0.0025 in. 
of the weak spots thick coated with phosphor and 

ceramic frit as its base. The ma- 
terial formerly used was an expen- 
= “4 sive glass which did not lend itself 
in your assemblies to some of the odd shapes and con- 
ditions required of the lamp. (See 
M&M, Aug ’51, p 72). 

The phosphor and ceramic frit 
is fired to the steel and a tin salt 
is sprayed on the metal to give a 
sheet of porcelain enamel with a 


























Tapped threads in non-ferrous materials 
are often trouble spots unless protected by 
some sort of hard bushing. Among the latter 
the TAP-LOK INSERT has all the good 
points of other bushings, plus the additional 
feature of being self-tapping. This, of course 
eliminates a separate tapping operation and 
reduces installation costs substantially. 


























Installation is fast and simple, no fussy 
hole preparation is necessary, thread cross- 
ing is impossible, no secondary operations 
are required, and installation for produc- 
tion or for maintenance can easily be 
handled by unskilled operators. 


TT 1 
TAP-LOK INSERTS withstand vibration ea A 
S 


pa l WOON A ALAA 
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without loosening and have maximum 
torque-and-pull resistance. One simple driv- 
ing tool, operated through a standard tap- Si. foron A408 OOS 
ping attachment in a drill press or by hand, *Reg. U.S. Pot. Of. 
is all that is required. 








Send for descriptive folder. 


Also manufacturers of ° 
Grose-Sias toe positive Darkroom light is one of the man: 


a applications for low intensity Pane! 
1123 Hendricks Causeway Ridgefield, New Jersey escent lamp. 
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SAVE with 
BOSSERT 


METAL STAMPINGS 


SAVE ON CAPITAL INVESTMENT 


. de Considering a plant expansion pro- 


ess of ——— a gram to produce stamped metal parts 
th ft ) or assemblies for your product? Before 

ws a «ss — you invest... investigate Bossert as 
used, = 


= a dependable source for all your 
Hz =] In Va stamping requirements. Our facilities 
Em. and experience can offer you many 


production economies. 
































el 
nce SAVE ON SPECIALIZED EQUIPMENT 
At Bossert, we have the modern, highly- 
lamp mechanized equipment for economical 
le Co production line operations. Your job 
Spay can be carried to any stage of comple- 
Oo in, tion with our facilities for machining, 
and welding, grinding, plating, annealing 
2 ma- and painting. 
ed SAVE ON INVENTORY SUPPLIES 
1 con- Bossert is geared for both long and | 
(See june short production runs, and you can 99 | 
_~ schedule your job to meet your normal Foggy dew on | | 
operating requirements or seasonal 
> frit peak loads without carrying a heavy | 
anal inventory of ports no problem for safety 
lve a 
ith ; SAVE ON SKILLED PERSONNEL e . 
me a | signs of (BID) resi Surtaced 
Bossert has the competent design 
iI ea ,—.— engineers and experienced metal 
i h F ae craftsmen to translate your ideas into | Plywood and ‘*Scotchlite'’ 


cost-saving parts or assemblies. They 
can often suggest improvements that 
will make your product more attrac- 
tive and less expensive to produce. 


Large and small parts and assemblies 
in any metal or alloy... 


There’s a bright future ahead for highway signs 
of GPX General Use and “Scotchlite” Reflec- 
tive Sheeting as more and more states replace 
metal signs. Comparison proves that high den- 


sity GPX Plastic-Surfaced Plywood actually 

@; -~ | deters moisture condensation and resists van- 
| dalism, sand etching, rain, or hail better than 

| metal. GPX super-smooth surface is an ideal 


base for reflective sheeting at far lower cost. 
Don’t take chances on safety signs that take 











This is a typical group of stamp- 
ings and assemblies that we are 


currently producing. We often chances on human lives...insist on GPX. 
re-design parts that were form- Free sample on request. 
erly cast, forged or machined, at 
a substantial saving in cost. m 
‘ww . 


Send for illustrated booklet, ‘“METAL 


y 7 
-leeneyny Abaya GEORGIA — PACIFIC 
CORPORATION 


60 East 42nd Street, New York 17, N. Y.— Dept. MM-257 
BOSSERT omision 


Please send free sample and literature on GPX. 
ROCKWELL SPRING AND AXLE COMPANY 
Ci P ee ) P 
UTICA 1, NEW YORK es sone State 
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Alternating stresses bear watching! 


Back and forth...up and down...in and out... if those stresses 
keep changing, the life of a metal part is a hard one... and often 
a short one. Stress reversals can cause “fatigue” failure 
at stresses far below the expected strength of the metal. 

One of the outstanding properties of phosphor bronze is its high resistance 
to fatigue failure. It is widely used for electrical switch parts, relay 
contact springs, bellows, rotating shafts and other moving or vibrating parts. 

For detailed information on phosphor bronze, write to 


Riverside-Alloy Metal Division, 


H. K. Porter Company, Inc., Riverside, N. J. 


ALLOY METAL WIRE 
Prospect Park, Pa. 


RIVERSIDE METAL 
Riverside, N.J. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


RIVERSIDE-ALLOY METAL DIVISION 


H. K. PORTER COMPANY, INC. 


For more information, turn to Reader Service Card, Circle No. 488 
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transparent conducting surf; 
When an alternating current js 
applied to the conducting surfac 
the phosphor ceramic dielect ri; 
emits a soft uniform glow over its 
entire surface. Its brightness de 
pends on the voltage and fre- 
quency of the electrical field ap- 
plied across the dielectric phos- 
phor layer. 

The company, though concen. 
trating on supplying a lamp with 
low brightness, is trying to find 
ways and means to improve these 
lamps so that they may compete 
with other methods of general 
illumination. 


Effect of Sulfur 
on Titanium Alloys 


Data now available on the effects 
of sulfur additions on titanium 
alloys indicate some promise for 
alloys of titanium and sulfur. The 
effects of sulfur in sponge-base 
titanium, iodide-base titanium and 
various commercial and _ experi- 
mental titanium alloys were re. 
ported by L. W. Berger, D. N. 
Williams and R. I. Jaffee of Bat- 
telle Memorial Institute, in a 
paper presented at the 38th An- 
nual Convention of the American 
Society for Metals. 

Results of this study showed 
that: 

1. Additions of up to about 
0.025% sulfur result in consider- 
able strengthening of titanium 
with a corresponding sharp de- 
cline in ductility. The _ initial 
sharp increase in strength occurs 
before sulfides are encountered in 
the microstructure and appears to 
be caused by solid-solution hard- 
ening. 

2. Sulfur additions beyond 
0.025% and up to 0.45% cause 
only a slight increase in strength 
and a slight decline in ductility. 

3. Room temperature solubility 
of sulfur in titanium is between 
0.009 and 0.017% by weight. 

4. Thermal analysis and micro- 
structure studies indicate little 
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diameter of blank. 
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4 1 iV r Bonderite and Bonderlube, is changed into cylindrical 
form, with maximum of about 45% reduction in 


























find 
these | 
apete one of the nation’s | 
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foremost producers of cylinders 
for compressed gases | 
Fects 4 . 2 
ta uses Parker’s aids to cold forming ac 
for First reduction: Diameter of cup is made smaller 
The : The Bonderite and Bonderlube combination rr Aang increased without major change in wall | 
_ provides effective lubrication and acts as a | 
al ° ° 
Ha non-metallic parting layer between work and 
“i dies. More severe deformations are possible, 
N. reducing the number of press operations and 
3at- process anneals necessary. Die life is length- 
| a ened and surface finish improved. 
An- 


Bonderite and Bonderlube, by more efficient 
lubrication, help plants reach new production 
ved levels, get more efficient and economical 
| production, and _ achieve better, more 






















* uniform quality. 
um Parker’s cold forming experi- 
de- nce in many plants and on . 
jal ” y P ‘ Second reduction: Final diameter of part with re- 
ne many products is available to spect to length determines number 4 reductions 
irs : required. Photos courtesy NORRIS-THERMADOR 
in —_ on sand ¢ eae Corporation, Los Angeles, California. 
ropiems at once. rite or Ca 
to i d FREE TECHNICAL BULLETIN MAILED ON REQUEST 
rd- oday. Illustrated technical bulletin ‘‘Bonderite and Bond- 
erlube As Aids In Cold Forming”’ contains detailed 

- information. Mailed free on letterhead request. 
ise 
th pP ARK FE % RUST PROOF COMPANY 
ty. —4 2173 E. MILWAUKEE, DETROIT 11, MICHIGAN 
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y BONDERITE BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE TROPICAL 
en corrosion resistant aids in cold forming rust resistant wear resistant for friction heavy duty maintenance 

paint base of metals surfaces paints since 1883 
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le *Bonderite, Bonderlube, Parco, Parco Lubrite, Parker Pre-Namel—Reg. U.S. Pat. Off. 
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With Tensiles Over 100,000 PSI 
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and one costs $22.51 per hundred 


Why? 


With reduced iron powders in both cases ... the expensive compact derives 
its physicals from copper infiltration; the inexpensive compact from small 
additions of Metal Hydrides’ chromium-nickel pre-alloyed powders. The 
comparative facts below show how you can achieve the physicals you need 
...in less than half the steps...at impressively lower cost with the 
MH process. 





























Copper Infiltration MH Chrome-Nickel* | 
Cost — $31.21 per 100 Cost — $22.51 per 100 

Tensile — 112,000 PSI Tensile — 103,000 PSI 

Elongation — 1% Elongation — 2.5% 

Rockwell Hardness — C34 Rockwell Hardness — C26 

Apparent Density — 7.78 Apparent Density — 6.83 
Production Steps — Nine Production Steps — Four 


*(7144% addition of 50% chrome/ 
50% nickel, plus 1% carbon) 


Without obligation our technical sales staff will gladly give you complete 


information and show you how chromium-nickel pre-alloyed powders will 
meet your requirements. Write today! 


METAL HYDRIDES DIVISION 


Metal Hydrides Incorporated 


PIONEERS IN HYDROGEN COMPOUNDS | 


3B5CONGRESS STREET, BEVERLY, MASSACHUSETTS | 
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effect of sulfur on the beta tra: 
sus of titanium. 

5. Sulfide networks are formed 
on casting in titanium containin; 
as little as 0.25% sulfur and act 
as effective grain refiners. Thes 
networks may be broken up by, 
subsequent working and anneal 
ing. 

6. Additions of as little as 
0.004% sulfur refine the grain 
size of both as-cast and wrought 
titanium; the maximum practical 
effect is obtained with about 
9.05% sulfur. 

7. Considerable grain growth 
occurs in sulfide-containing alloys 
on annealing for long times high 
in the alpha field, but only slight 
grain growth occurs on annealing 
in the beta field. 

8. Additions of 0.2% sulfur to 
titanium alloys containing molyb- 
denum, vanadium, or aluminum 
plus vanadium cause a consider- 
able increase in yield strength 
with only a slight decline in duc- 
tility. This amount of sulfur was 
also sufficient to cause grain re- 
finement in both the as-cast and 
wrought conditions. 


New Ceramic Material 
Is Hard, Heat Resistant 


A hard, heat resisting ceramic 
material, called Hylumina, is now 
being made in England from a 
mixture of 95% finely milled alu- 
minum oxide and 5% bonding and 
fluxing materials. The moist cer- 
amic mix is readily molded into 
shapes that can be finished by mill- 
ing or grinding. After firing in a 
kiln for some 33 hr at 2900 F, 
however, the material can be ma- 
chined only with a diamond wheel. 

Said to have good electrical, 
thermal and mechanical proper- 
ties, the material is being used for 
spark plugs. It is serviceable at 
temperatures up to 2900 F and is 
resistant to all chemicals except 
hydrofluoric acid. 

Reported to have a_ tensile 





This Yarn Has Fishermen Reeling 
.-s With Absolute Confidence 


Anybody who has ever caught a big fish knows the importance of a good 
reel. That’s why manufacturers of fishing tackle are striving constantly 
for improvements in both design and production methods. 


For example, when nylon line first appeared, Ocean City Manufacturing 

Company, the country’s largest manufacturer of fishing reels, realized 

that the design of the reel spool would have to be changed. This because, 

with a big one on the line, the tremendous compressive forces of tightly 

j ) wound elastic nylon often caused the spool flanges to spread so that the 
Inserting fluxed spindle and Easy-FLosilver spool bound against the reel housing. Silver brazing with Handy & 
alloy ring into lower half of spool. Assembly | Harman EASY-FLO 45 silver brazing alloy and HANDY FLUX permanently 





is — a — i. spool is and simply solved this serious problem. 
pressed onto spindle. Press fit is necessary 0s . 
to maintain proper joint clearance between Originally the spools were assembled from two fully machined brass 


hens Seat ebeel onindl ‘ino _—« forging halves with the hollow hub of each half fitted over a solid steel 

nase. ee a ee spindle with the drive clutch at one end. Each half was secured with 
%s” stainless steel pins driven through the spool hub into the internal 
spindle. 


The same spool components are still used except that now semi- 
machined brass spool halves are 

silver brazed directly to the steel 

spindle with a preplaced ring of 

EASY-FLO 45 alloy. The shear 

strength of the brazed joint now 

exceeds 40,000 psi and because of 

the greater area of adherence to 

the spindle (as compared to two 

stake points previously used) spool 

hub creep toward the spindle ends 

is eliminated. The alloy cost is 

only 1.3 cents. The assembled 

spool is now finish-machined as a 

unit. The machining time once required for drilling and aligning has 
been eliminated. And when time is reduced and a product is improved, 


Sliding burner assembly into heating posi-  ©Sts are reduced and sales are improved. 


tion. Weight of upper platen assures accu- Thesesame benefits could easily apply to the production of your product. 

rate joint fit when ring of EASy-FLO alloy The simple fact is that silver brazing with Handy & Harman brazing 

melts. Fuelismixtureofcitygasandoxygen. alloys has paid off handsomely for those who use it. The only way to 

Operator brazes 20 to 30 spools per hour. find out if and how your product or methods fit the picture is to ask us 
—we’ll be delighted to work with you all the way. 


TO HAVE AND TO HOLD 
BULLETIN 20 tells you why high 


strength, speed and economy Yay NO. AMM Source of Supply and Authority on Silver Brazing Alloys 
are inherent in EASY-FLO silver OFFICES ond PLANTS 
brazing. Also gives Handy in- BRIDGEPORT, CONN, 


formation about joint design DB HANDY & HARMAN ccc: 
7, 


: : CLEVELAND, ONIO 
and fast brazing methods. We'll General Offices: 82 Fulton St., New York 38, N.Y. oro i 
be pleased to send you a copy. 


TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 
For more information, turn te Reader Service Card, Circle No. 374 
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24% DLA L OO I joue S 


strength of 172,000 psi and a 
pressive strength of 316,000 psi, 
the material is recommended for 
plug gages; nozzles for sand and 
shot blasting; guides in text 
spinning and weaving machiner\ 
guides, pulleys and spindles for 
hot wire tinning baths; creep test- 
ing rigs; induction heating equip 
ment; and as a replacement fo: 
glass in sealed electrical assem- 
blies. 


(Condensed from European’ Technical 
Digests, Dec ’°56 


Epoxy-Base Liner 
Is Oil Resistant 


Homalite Corp., 11-13 Brookside 
Dr., Wilmington 4, Del., has in- 
\ troduced an epoxy-base liner for 

@ restricted flow of atmosphere use on tanks, scrubbers, steamers, 


etect @ leaky furnace seals columns and ducts. The two part 


gus 


eee 


* , @ transient moisture and air from quench tank plastics compound, called Coroline 


Hace @ air carried into the furnace with the charge 347, hardens in approximately 24 
hr at ambient temperatures and 


with the DEWPOINTER does not require high temperature 


cures. 
It is particularly recommended 


il ak di fd Sal for use with petroleum products, 
readin wpoints , ; ; : 
Quick and accurate readings of dewpo and is resistant to organic acids, 


in each furnace zone give the heat ered dilute mineral acids, alkalies and 
the most valuable information possible . most solvents. It is claimed to 
for accurate adjustment of furnace atmos- — x om have good adhesion, and can be 
phere. applied by brush or spray to com- 
In one relatively inexpensive unit, the 
Dewpointer brings you this accurate data 
with simple operations. Any shop man __egjjminate Guesswork 
can get precise readings every time—for Here’s what you actually 
the maximum in effective furnace control. ‘© pe a ning 
‘ e Swirl of sunbeams at 1s 
Only the Alnor Dewpointer gives you yamistakable in reading. 
controlled test conditions...indications Find out why so many use 
take place in an enclosed chamber. Dew the Dewpointer for atmos- 
, Anil ts hat b phere control. Send for 
or fog is suspended in the air as sunbeams jour copy of the illustrated 
—not on a polished surface. This unique Dewpointer Bulletin. 
principle gives you the greater accuracy, ae ‘ og iy os 
. . ee abdorato nc. . 
faster readings required for critical heat 577 420 North LaSalle 


treating atmosphere control. Street, Chicago 10, Ill. 








ILLINOIS TESTING 


LABORATORIES, INC. Plastics lining material is brushed 


on the inside of a tank. 





For more information, turn to Reader Service Card, Circle No. 492 


208 « MATERIALS & METHODS 





























BANDSAW BLADES... radiography ARTIFICIAL DENTURES . . . radiog- ELECTRONIC TUBES... radiography 
discloses defective fusion of butt- raphy discloses “cavities” in cast discloses misalignment of hidden 


” welds joining the band plastic teeth due to air bubbles elements, broken wires 


teat. are YOU in this Profit-Picture ? | 


JUILp 


sem- 




















me | Here’s a random sampling of the 
| growing diversity of products 
being quality-controlled by 
radiographic inspection. 
Manufacturers find this 
nondestructive method quick, 
‘side decisive — above all, profitable. 
a ALUMINUM CASTINGS . . . radiog- HOUSED ASSEMBLIES . . . radiog- 
for raphy discloses intergranular raphy checks alignment of hid- 
ners, shrinkage of ahigh-stressed part: | den components as in this TV 
part averts predictable failure transformer 
oline —— ous cu cu oc oq oes ee es ee cee ee ee ee ee ee es ee ee ee 
y 24 
and 
ture 
nded 
ucts, 
cids, 
and 
1 to 
1 be 
com- o 
FUEL ELEMENT TUBES. . . radiog- SPOTWELDS ... radiography pilot- MAGNESIUM CASTINGS .. . radi- 
raphy and fluoroscopy uncover checks accuracy of welding tech- ography detects honeycomb por- 
defects in critical welds of dis- nics, inspects production welds osity in a gasoline engine intake 
similar metals for soundness manifold 
find out what radiography can do for you... 
Simply call in your local Picker representative® or write us outlining 
your problem (and if possible sending typical samples). We'll make tests 
and tell you frankly whether radiography holds any promise for you. Because 
Picker offers both x-ray and isotope equipment, we have no axe to grind 
for any particular unit. 
Costs you nothing to find out . .. maybe it’s costing you a PICKER X-RAY CORPORATION 
great deal right now NOT TO. ser weil 
*There’s probably a Picker district office near you (see local ’phone book). 
.  @ @ : 
< ~ y Shp \" Cove tg we Ae op rabag oud Flucte 
shed 
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WHO USES MAGNESIUM? 
...and why 


Look for the product that’s out front in its field . . . and you know who uses 
magnesium! Why? . . . because design’ engineers and manufacturers alert to 
today’s market conditions are quick to realize the added sales advantages of the 
product made of magnesium. Lightest of the world’s structural metals, magnesium 
can be cast, formed, extruded, drawn or worked into virtually any size or shape! 
A modern metal in every sense, its lightness, strength and weight-saving 
characteristics are without equal. Even more important are the cost-savings to 
be gained in many areas of manufacture. The use of magnesium frequently 
results in lowered tooling costs—savings in machining, fabrication and processing 
costs—and reduced handling and assembly costs! 


Magline Inc. has assisted many leading companies in developing better products 
through the application of magnesium. Magline engineers are qualified by years 
of experience in this specialized field, and can assist you with design and technical 
problems. Magline facilities are extensive and complete—from foundry . . . to 
fabrication . . . through final assembly! For quality production—short or long runs 
—you can depend on Magline for prompt service and delivery. 


Send us part prints of your current requirements for quotation, or write today 
for your copy of Bulletin No. 50. Your request will receive immediate attention. 


fabrication facilities for 


e Forming 
e Machining 
e Welding 


foundry facilities for 


e Sand Castings 
e Die Castings 
e Permanent Molds 








e Deep Drawing 
e Polishing 

e Finishing 

e Stamping e Stress Relieving 
o Spinning e Assembly 


e Impact Extruding 


Design and Engineering 
Services Available 


WRITE TODAY for BULLETIN NO. 50! MAGLINE INC., BOX PINCONNING, MICHIGAN. 
CANADIAN FACTORY: MAGLINE OF CANADA LTD., RENFREW, ONTARIO. 
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plex surfaces and hard to reac 
places. When more than one coa 
is required successive application 
can be made immediately. Th 
epoxy-base lining material car 
also be used to apply glass clot} 
and other fabrics to tanks, bins 
and ducts 


Technique Measures 
Forces Between Atoms 


A technique for pulling apart 
tiny crystals of iron and silicon 
and measuring directly the ap- 
plied stress and amount of strain 
they undergo may help scientists 
gain new insight into the enor- 
mous forces that bind atoms to 
gether. 

During the seventh New York 
meeting of the American Asso- 
ciation for the Advancement of 
Science, Dr. R. L. Eisner, West- 
inghouse research physicist, said 
“use of the method has cast new 
light on the nature of the inter- 
atomic forces which give all 
metals their ultimate strength.” 

The research physicist said that 
metal exists in perfect condition 
in single crystal whiskers (40 
millionths of an inch or less in 
diameter), whereas ordinary met- 
al contains countless millions of 
structural imperfections. These 
imperfections, when under stress, 
govern how and when metal will 
break. Iron whiskers, freed of the 
limitations imposed by impurities 
and imperfections, have a tensile 
strength of. more than 500,000 
psi, whereas imperfections in or- 





Interatomic forces in an iron crys- 
tal whisker are measured in a device 
by stretching the tiny strand of 
metal almost to the breaking point. 


































How to cut your wire-handling costs 


You might be surprised at how much you can trim your costs 
with better methods of handling steel wire. For example, we 
often find that when coils of wire are unloaded in customers’ 
plants they are simply piled on the floor. This wastes valuable 
floor space, and clutters the aisle. And moving the wire along 
to the production line becomes a headache. 

One customer's excellent solution to the wire-handling and 
storage problem is shown above. The racks, built largely from 
steel pipe, more than triple the storage capacity of the floor 
area. Coils are out of the way, yet they're easily moved by 
lift truck. 

Another customer wanted to avoid shutting down his cold- 
heading machines every time a coil of wire was used up. We 
showed him how to set up the wire coils on two pay-off reels 
so that no interruptions were necessary when one coil was 
welded to the other. 

Users of wire in large coils often have a handling problem. 


BETHLEHEM STEEL 


For more information, turn to Reader Service Card, Circle No. 424 


In working out practical handling methods for extra-heavy 
coils, we try to help the customer avoid the nuisance and 
expense of returning pallets or containers. 

Because we handle so much wire in our own plants, we 
have developed a lot of time-saving methods which we're 
glad to pass along. And we're ready to do more than just offer 
general suggestions. If you wish, we'll provide you with draw- 
ings and specifications for such things as pipe racks, pay-off 
reels, and other equipment that may help you to cut your 
wire-handling and storage costs. 

Our main job is to make top-quality steel wire to meet a 
wide range of requirements. But our service goes far beyond 
simply taking your order and shipping the wire. So don’t hesi- 
tate to call our nearest sales office if you have a wire problem. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


SOLLILLL YY STTDII Ds 


BETHLEHEM 
STEEL 


vssssstl errrperes 





improve 
your 
products! 


Bring out the lion 
in your products 
—exploit their 
potentialities with 
plastisol - organisol 
applications. And 
do it the surest 
way by coating 
with REYNOSOL. Reynolds 
supplies or custom-formu- 
lates Reynosol with charac- 
teristics ‘“‘to order” .. . in 
colors of your choice .. . for 
your products of metal, glass, 
fabric, paper, wood! And we 
work right along with you— 
so you get the really special 
service, technical experience 
and know-how .. . the re- 
search and consultation 
needed to give your prod- 
_ucts extra “punch"'! To hear 


how we do it, write today. 
Dept. A 
Member Vinyl! Dispersion Division, SPI 


REINOLOS eas 


ANN ARBOR, MICHIGAN 
DIVISION OF STUBNITZ GREENE CORP. 


For more information, Circle No. 542 








dinary steel cause it to flow and 
deform at one-tenth its ultimate 
strength. Even the elastic limit 
of a soft metal such as tin in the 
perfect structural state is at least 
ten times the maximum of the 
best steels in common use today. 
How whiskers are tested 

A small force, less than 0.01 
ez, is required to pull an average 
whisker apart. This force is ob- 
tained by using the whisker to 
pull a lightweight pendulum from 
its vertical rest position. Each 
millionth of an ounce of pull dis- 
places the pendulum exactly the 
same amount, about 0.0001 in. 

Stretch of the tiny whisker is 
measured by reflecting a beam of 
light from flat optical mirrors 
attached to clamps at each end 
of the whisker. As the whisker 
stretches, the mirrors move and 
cause changes in the pattern sim- 
ilar to the changing rainbow 
colors seen in soap bubbles. The 
changes are then electronically 
amplified and analyzed to dis- 
close the amount of stretch. 
The technique accurately meas- 
ures changes in whisker length 
within less than one-millionth of 
an inch. 

Dr. Eisner says scientists are 
beginning to understand the ori- 
gin of the interatomic forces 
which glue atoms so tightly to 
one another. Experiments on the 
very simplest metal atoms will 
give additional data that will 
verify theoretical conclusions—a 
necessary first step toward even- 
tual use of this knowledge in de- 
veloping new and better metals. 


Aluminum-Clad Wire 
Resists Oxidation, Heat 


An enameled, aluminum-clad 
copper wire that combines good 
electrical conductivity with heat 
and oxidation resistance has been 
introduced by Westinghouse Elec- 
tric Corp. The wire is encased in 
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estimate 











WIRE 
FORMS 


METAL 
STAMPINGS 


We'll prove that our high 
speed production means 
lower unit costs for you! 


You'll save two ways — (1) the ini- 
tial low unit cost made possible by 
high speed machines; (2) precision 
and quality control guarantees accu- 
rate parts and performance. 


STRAIGHTENING AND CUTTING 
Perfect straight lengths to 12 feet. 
.0015 to .125 diameter. 


WIRE FORMS 
.0015 to .125 diameter. 


SMALL METAL STAMPINGS 

.0025 to .035 thickness. 

.062 to 3 inches wide. 
Specializing in production of parts 
for electronic, cathode ray tubes and 

transistors. 
Write for illustrated folder. 
ART WIRE AND STAMPING 
COMPANY 


13 Boyden Place * Newark 2, New Jersey 


For more information, Circle No. 448 





TODAY’S NEW AUTOMOTIVE 
DESIGNS DEMAND THE 
BEST STEEL OBTAINABLE 


Youngstown Sheets 


and Strip 








Detroit’s high-speed automobile body presses are 
busier than ever turning out body components for 
today’s modern-design cars. More intricate door 
and fender sections of the new models demand a 
steel of the highest quality that can take the re- 
quired deeper draws in its stride. Without ques- 
tion, that steel is Youngstown Cold Rolled Sheets 
and Strip—the best available anywhere. 


Youngstown blends the required combination of 
surface finish, tensile strength and ductility into 
every sheet, to provide you almost continuous 
pressings of even the most difficult-to-form parts. 
Also, metallurgical quality never wavers from 
Youngstown’s high standards because all opera- 
tions from ore mining to shipping dock are rigidly 
quality-controlled by experts with over half-a- 
century of steelmaking know-how. 


On your next order specify Youngstown Cold 
Rolled Sheets and Strip and join the ranks of our 
satisfied customers who tell us: ‘‘Our production's 
up—Rejects down—Fabrication costs lowered.” 


Why not call your nearest Youngstown District 
Sales Office today, for metallurgical aid or addi- 
tional information—or write directly to our 
Home Office. 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 


Producers of Quality Carbon and Alloy Steels for Over Half-a-Century 


For more information, turn to Reader Service Card, Circle No. 407 
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In all these missile programs 


PRECISION METALSMITHS' 


INVESTMENT CASTINGS... 


are being used in the power plants, 
gyro- and servo-mechanisms, and 

on various other types of equipment. 
Production orders may run into 
thousands of pieces or as few as desired. 


Parts that must resist the terrific 
temperatures encountered are being 
cast in the excellent heat-resistant 
alloys like Hastelloy, Stellite and 
Inconel. Ferrous and non-ferrous alloys 
are investment cast in shapes too 
costly to fabricate by other 
‘ manufacturing methods. 
ete As a result of using this process for 
BOMARC producing a part, the fabrication 
— process is simplified and sizable cost 

aay savings are made. In contrast with 
assemblies, greater uniformity and 
dependability are often obtained with 
investment Castings. 

By taking advantage of our prototype 
service, the product designer can give 
free rein to his imagination. To get 
the most out of your designs and profit 
by our extensive experience on these 
missile programs, ask our engineers 
to review them while they’re still in 
the planning stage. 


Precision Metalsmiths, Inc., 1077 
E. 200th Street, Cleveland 17, Ohio. 


At the Western Metal Show 
See us at Booth #742 


pour yourself an assembly with 


CISION METALSMITHS » 


INVESTMENT CASTINGS 


For more information, turn to Reader Service Card, Circle No. 518 
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IN MATERIALS 


an aluminum “skin”, 0.0025 
thick, to which is added a lay 
of high temperature insulatio 

It had been found previous}; 
that copper wire, at high tem- 
peratures, unites chemically with 
the oxygen in the air to form a 
layer of copper oxide on the sur- 
face. This layer gradually grows 
in depth, degrading the insulation. 

The oxide formed on the sur- 
face of aluminum, on the other 
hand, does not grow appreciably. 
In a film about four ten-millionths 
of an inch thick (0.0004 mil), 
aluminum forms a self-protecting 
coating which prevents further 
penetration of oxygen and effec- 
tively isolates copper wire from 
attack by oxygen. The aluminum 
film is kept as thin as possible 
because aluminum is a _ poorer 
electrical conductor than copper 
and lowers the current-carrying 
capacity of the wire. 

In making the wire, the copper 
rod is first plated with a layer 
of silver, which acts as a barrier 
to the interaction of the two 
metals and allows proper adhesion 
The silver plated copper rod is 
inserted into a thin-walled tube of 
aluminum and rolled into a rod 
of smaller diameter, then drawn 
through dies into wire of the de 
sired size and shape. The finished 
wire is coated with a high tem- 
perature insulating enamel. 

(more What's New on p 216) 


Cross section of aluminum-clad 
copper wire showing copper core, stl- 
ver layer and aluminum cladding. 
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wipe-clean vinyl, easy to maintain 
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surface effect 
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Marvibonded metals are laminated in flat sheets before the product is 


formed. However, neither finish nor bond is affected by bending, crimp- 
ing, drilling, embossing, punching, or shearing. 

Marvibonded metals provide your product with a “sales wise” finish 
far superior to paints, lacquers, varnishes, phenolic and alkyd finishes. 
The vinyl will not chip, crack, or craze. Practically any surface effect 
can be achieved, economically, and they’re all chemical-, abrasion- and 
weather-resistant. 

This exceptional material has a great future in wall paneling, doors, 
vending and business machines, office furniture and automobile interiors 
...in fact, where most sheet metal is used. For samples, technical infor- 
mation, and the location of licensed laminators in your area, please write 


us on your company letterhead. *Patent applied for 


US United States Rubber 





Naugatuck, Connecticut 


BRANCHES: Akron * Boston * Gastonia, N.C. * Chicago * Los Angeles * Memphis * New York ¢ Phila. 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario * Rubber Chemicals * Synthetic Rubber * 
Plastics * Agricultural Chemicals * Reclaimed Rubber © Latices * Cable Address: Rubexport, N.Y. 













new... booming... stainless steels 
call for alloy purity 


Causes and Prevention 
of Magnesium Fires 














































Most magnesium fires can be 
prevented by proper care but some 
causes of fire are not easy to 
avoid. In a paper presented at the 
38th Annual Convention of the 
Magnesium Assn., Frederick W. 
Roberts of Dictaphone Corp., dis- 
cussed some of the problems his 
plant encountered and how they 
were overcome. 

The first fire due to magnesium 
occurred when sand cast magne- 
sium motor’ bearing’ supports 
were being turned. It is believed 
that the tool struck a sand inclu- 
sion in the casting and caused a 
spark which in turn started the 
magnesium burning. This prob- 


R ® | lem was alleviated by replacing 
and ELECTROMANGANESE has It | the sand castings with die cast- 





ings, 
A second fire resulted from 
Lower cost . . . better mechanical properties . . . and carelessness. In sanding, the belt 


improved appearance are giving tremendous impetus of the sanding machine becomes 





M 1 € ¢ cP Cie 1 > ~ ays) _ Jac € . . 
to the new high-manganese staink ss ste¢ ls. Best of all, loaded with magnesium powder, 
for those who have been working in the old high- and posted rules state that only 


; . > ‘ J > > ) XS » 1 A 4 > , 26 . p > ° . 
nickel alloys, the new 200 Series requires no chang magnesium may be sanded on this 


| machine. However, an operator 
| inadvisedly started to sand a piece 
of steel and caused an explosion. 
Some fires that occur in milling 
operations seem to be beyond the 
control of the fabricator. In mill- 
ing die castings, the carbide 
tipped gang milling cutter occa- 


age! ge iatureniatg sionally strikes inclusions of mag- 
Nitrided manganese is available in Foote’s high-purity nesium nitride, and the resulting 


Te ® . . sata . , - 
Nitrelmang®. But just as important as purity, and as sparks start a fire. This problem 
a direct result of it, these Foote alloying agentsenable | pag not been solved. 
you to get the necessary manganese content in the 


in production operations, and possibly effects some 
savings. 

But—high manganese content means pure manga- 
nese . . . electrolytic manganese. Most of the new 
alloys cannot tolerate more than a trace of carbon, 
phosphorous, or lead. Foote Electromanganese, with 
99.98% manganese content, gives you this purity. 
Hydrogen is as low as 150 ppm, and even this can be 
reduced to 7.5 ppm in a Hydrogen-Removed Grade. 


most economical way. 

If you want to sani these promising new eer Zinc-Clad Aluminum 
one of our engineers will be glad to contribute Foote’s 
knowledge of more than 17 years experience in Improves Soldering 
electrolytic manganese alloying. A letterhead request 
will bring information promptly from our Technical 
Literature Department, Foote Mineral Company, 408 


Available for the first time in 
commercial quantities is a zinc- 








P aie : / clad aluminum alloy that is ex- 
Eighteen West Chelten Building. Philadelphia 44, Pa. | , eS 
| pected to help solve many joining 
SALES OFFICE: Electromanganese Div., Knoxville, Tenn. problems, especially in the auto 
RESEARCH LABORATORIES: Berwyn, Pa. ; 
PLANTS: Cold River, N. H.; Exton, Pa.; Kings Mountain, N. C.; Knoxville, | radiator field. Developed by Alu- 
Tenn.; Sunbright, Va. | minum Co. of America, 1501 Alcoa 
ELECTROLYTIC MANGANESE METAL © WELDING GRADE FERRO ALLOYS © — STEEL ADDITIVES Bldg., Pittsburgh 19, and called 
COMMERCIAL MINERALS AND OXIDES . ZIRCONIUM & TITANTIUM . (IODIDE PROCESS) A ; : | 
LITHIUM METAL, CHEMICALS, AND MINERALS © STRONTIUM CHEMICALS Alcoa Soldering Sheet, the ma 
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YOUNGSTOWN 








IRR 
ILEDUCED COSTS 
BY REDESIGN OR ADAPTING TO ROLL FORMED METHOD 


The old trite saying “It pays to investigate’ surely 


Roll forming method is truly the automa- 
tion of the stamping industry—many indi- 
vidual press operations are combined in a 
continuous production procedure. In many 
instances redesign is not necessary to 
permit production by the roll formed proc- 
ess, but where redesign is required our 
staff of qualified expert engineers are avail- 
able at all times to assist you in the engji- 
neering work needed. 


applies in this case. At no cost to you, submit your 
inquiries, and we will do the rest. 


Utilizing our advanced facilities and know-how can 
only result in a more exact dimensioned part and a 
reduction in your cost. 


Contact your nearest Roll Formed representative or 
write Roll Formed Products Company, Youngstown, O. 


Ask for Catalog No. 1555 


ROLL FORMED PRODUCTS 


GC Ae F Ane 


MAIN OFFICE AND PLANT 3752 OAKWOOD AVE. - YOUNGSTOWN, OHIO 


For more information, turn to Reader Service Card, Circle No. 431 
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TEMPERATURE F 
Yield strength, weight vs. temperature. 


For High 
Strength-to-Weight 
Ratios at Elevated 
Temperatures — 


TITANIUM and 
MAGNESIUM 


The experience, the specialists, the 
equipment-and-facilities to design 
and produce the very difficult fabri- 
cation and assembly work in these 
and other light metals—you'll find 
at B&P. 


To make this titanium 
pressurized tank, B&P 
welds two cylinders. 
Each is drawn in one 
operation. Tank with- 
stands 5000 psi pressure 





Magnesium turret 
enclosure for a 
bomber. Design, 
lofting, prototypes, 
production fabrica- 
tion and assembly 
are all done by 
B&P. 


ENGINEERING FACILITIES IN DETROIT 
AND LOS ANGELES Write for Titanium 
and Magnesium engineering data—also 
folder on B&P’s facilities to handle 
tough jobs. 





BROOKS & PERKINS, Inc. | 


1960 West Fort St. 


; cs Detroit 16, Mich. 
et 4) Phone: TAshmoo 5-5900 


IN LOS ANGELES: 
11651 VanOwen St 
North Hollywood, Cal. 
56 A Phone: STanley 7-9665 





OFFICES IN NEW YORK, WASHINGTON, DALLAS 
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terial is said to bring aluminum 
within range of the ease of solder- 
ability of copper. It is also said 
to simplify normal maintenance 
and repair problems of soldered 
assemblies and reduce costs of 
production methods. 

The zine-clad aluminum, fabri- 
cated with one or both sides clad, 
is available in both coil and flat 
sheet form. The company recom- 
mends that it be used with 
specially developed soldering tech- 
niques. 


Polyester Sheet 


Has Chromium Finish 


A line of high strength, metal- 
lized plastics sheets has been an- 
nounced by Coating Products Co., 
101 W. Forest Ave., Englewood, 
N. J. The plastics sheets are un- 
supported Mylar film with a high 
luster chromium finish and backed 
with pressure sensitive adhesives 
for nonmoisture applications. 

Called Mirro-Brite, the non- 
tarnishing sheets are 0.001 in. 
thick and measure 20 x 25 in. 
Other sizes are available on re- 
quest. The metallized sheets are 
recommended for display and dec- 
orative items for either indoor or 
outdoor use. 


How Fatigue Cracks 
Affect Aluminum Alloys 


Since aluminum has no endur- 
ance limit, fatigue cracks are prac- 
tically inevitable when alumin- 
um aircraft structures are sub- 
jected to high stresses. It is there- 
fore essential that the designer 
have information regarding the 
remaining strength of parts con- 
taining such cracks. An investi- 
gation to determine the static 
strength of aluminum alloy speci- 
mens containing fatigue cracks 
has been conducted by Arthur J. 
McEvily, Jr., Walter Illg and 
Herbert F. Hardrath, of Langley 


MEEHANITE CASTINGS ARE MADE ONLY 
BY MEEHANITE FOUNDRIES 


The American Laundry Machinery Co., 
Rochester, N. Y. 

Atlas Foundry Co., Detroit, Mich. 

Banner Iron Works, St. Louis, Mo. 

Barnett Foundry & Machine Co., 
Irvington, N. J. 

Blackmer Pump Co., Grand Rapids, Mich. 

Centrifugally Cast Products Div., The 
Shenango Furnace Co., Dover, Ohio 

Compton Foundry, Compton, Calif. 

Continental Gin Co., Birmingham, Ala, 

The Cooper-Bessemer Corp., 
Mt. Vernon, Ohio and Grove City, Pa. 

Crawford & Doherty Foundry Co., 
Portland, Ore. 

Empire Pattern & Foundry Co., Tulsa, Okla. 

Florence Pipe Foundry & Machine Co., 
Florence, N. J. 

Fulton Foundry & Machines Co., Inc., 
Cleveland, Ohio 

General Foundry & Mfg. Co., Flint, Mich, 

Georgia Iron Works, Augusta, Ga. 

Greenlee Foundry Co., Chicago, Ill. 

The Hamilton Foundry & Machine Co., 
Hamilton, Ohio 

Hardinge Company, Inc., New York, N. Y. 

Hardinge Manufacturing Co., York, Pa. 

Johnstone Foundries, Inc., Grove City, Pa. 

Kanawho Manufacturing Co., 
Charleston, W. Va. 

Kochring Co., Milwaukee, Wis. 

Lincoln Foundry Corp., Los Angeles, Calif. 

Palmyra Foundry Co., Inc., Palmyra, N. J. 

The Henry Perkins Co., Bridgewater, Mass. 

Pohlman Foundry Co., Inc., Buffalo, N. Y. 

The Prescott Co., Menominee, Michigan 

Résedale Foundry & Machine Co., 
Pittsburgh, Pa. 

Ross-Meehan Foundries, Chattanooga, Tenn. 

Sonith Industries, Inc., Indianapolis, Ind. 

Standard Foundry Co., Worcester, Mass. 

The Stearns-Roger Mfg. Co., Denver, Colo. 

Valley Iron Works, Inc., St. Paul, Minn. 

Vulcan Foundry Co., Oakland, Calif. 

Washington Iron Works, Seattle, Wash. 

Dorr-Oliver-Long, Ltd., Orillia, Ontario 

Hartley Foundry Div., London Concrete 
Machinery Co., Ltd., Brantford, Ontario 

Otis Elevator Co., Ltd., Hamilton, Ontario 





WRITE TODAY 
FOR YOUR 
FREE 
SINGLE COPY 





@ “MEEHANITE CASTINGS FOR PRESSURE 
TIGHTNESS” BULLETIN NO. 43 


MEEHANITE’ 
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This huge casing for an 84” volute pump was cast in four sections in high strength (over 50,000 psi) Meehanite metal. 


Pressure tight Meehanite castings are uniformly sound 
and possess high strength values 


leaks, porous zones and structural 
weakness, 


Meehanite metals provide designers, 
production men and engineers with 
a group of dependable materials that 
possess the superior combination of 
physical properties required by pres- 
sure tight castings used with water, 
oil, steam, gas and other substances. 


The consistent uniformity of the 
structure of Meehanite metal 
throughout all casting sections in- 
sures excellent performance in serv- 
ice and offers positive freedom from 


MEEHANITE BRIDGES THE GAP BETWEEN CAST IRON AND STEEL 


In addition, Meehanite castings pro- 
vide high strength values in the order 
of 55,000 Ibs. psi and have a true 
modulus of elasticity which is im- 
portant in computing bursting stress. 


If you would like to know more 
about the advantages of Meehanite 
metal, write today for your free copy 
of bulletin #43 “Meehanite Castings 
for Pressure Tightness.” 


The uniform solidity and closeness of grain 
through all complex sections are revealed 
in this cross section of a Meehanite hy- 
draulic valve unit. 


® 


MEEHANITE METAL 


MEEHANITE METAL CORPORATION, NEW 


ROCHELLE. NEW YORK 




























CHROMALLOY PROCESS COMBATS: 


NEAT 
| IN MATERIALS 


7CORROSION 





Aeronautical Laboratory. Som, 





of their conclusions: 

1. Small cracks cause large 
creases in static strength. 

2. The static strength of speci- 
mens made of 7075 aluminum 
alloy is significantly more sensi- 
tive to the effects of cracks than 




















2 <a is the static strength of similar 
eS specimens made of 2024 aluminum 
SS alloy. 
<—< | 3. On the basis of percentage 
OST | of net area lost by fatigue crack- 
a | ing, wide specimens experience 
Sc | greater loss of strength than nar- 
ea? | row specimens with similar con- 
ea”. figurations. 
Pea”. | 4. Specimens with final net area 
. FPS | eccentric with respect to the load- 
UNTREATED CHROMALLIZED | ing have lower static strengths 
| than similar specimens which are 
Low carbon steel, tested in gas flame to 1800°F for 24 hours. Expanded metal loaded along a line passing 
radiants used in gas range broilers. A leading appliance manufacturer has replaced 
stainless steel radiants with CHROMALLIZED mild steel at a saving of 26%. through the center of the remain- 
ing area. 
Chromallizing diffuses chromium into the surface of ordinary 5. There is little, if any, dif- 
iron and steel parts to provide the corrosion and heat resistance of ference between static strengths 
stainless steel, and the wear resistance of chromium carbide. The of similar specimens made of 
chromium diffuses uniformly into all recesses, threads and even into | Sheet and extruded material of | 
blind holes. The case formed is integral with the base steel so that it | the same alloy. less 
can’t peel, chip or flake. | Testing consisted of subjecting ‘ 
seven configurations of specimens 
Since Chromallized ordinary steels may be substituted for | made of 2024 and 7075 aluminum 
7 ; : ‘ alloys in both rolled and extruded 
expensive or hard to work materials, substantial savings may be ; 
; , th form to repeated axial loads until 
realized in the cost of materials, machining or forming. | fati oot a ie Ce: . 
atigue cracks of various lengths 
were formed. The specimens were 
Chromalloy Corporation is in full production, serving then subjected to static tests to 
customers in many industries by custom CHROMALLIZING their fin- determine the residue] static 
ished parts or sub-assemblies. Facilities are available for processing strength. 
your sample parts and for development work. As outlined in Technical Note 
3816 of the National Advisory 
Send For Free Technical Bulletins Committee for Aeronautics, a sec- 
ondary purpose of the investiga- 
sais tion was to establish an analytical 
Heat Resistance procedure for the determination 
Wear Resistance of residual strength of specimens 
Corrosion Resistance containing fatigue cracks, and 
thereby eliminate the need for 
much of the testing required to 
obtain the information experi- 
mentally. Briefly, the procedure 
romello is based on the assumption that the 
YW determination of residual static 
CORPORATION strength hinges on the determi- 
450 TARRYTOWN ROAD © WHITE PLAINS, NEW YORK nation of the maximum stress 
Telephone: WHite Plains 6-0020 in the specimen. If it is assumed 
COOCCOOOEEEEEHOCEEESEECEEES EEE EES HCOEEESEECEHESE EH SCEOEEEE® that failure occurs whenever the 
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BEARING DESIGN 
and APPLICATION 





The inauguration of Bunting’s new facility for engineering 
and manufacturing bearings and parts of Sintered Powdered 
Metals opens a wide new area of opportunity to all 


mechanical industry. 


Sintered Powdered Metal Bearings and parts offer real 
economies in design. Bunting Engineering and 
manufacturing skill and traditional 
technical responsibility assure your 
most advantageous use of 


this material. 


A competent group of Bunting 
Sales Engineers in the field and a 
soundly established Product Engineering 


Department put at your command, 





comprehensive data and facts 











based on wide experience 
in the designing and use of both 
Cast Bronze and Sintered Powdered 


Metal Bearings and parts. 


Write for catalogs and your 
copy of the new 24 page Bunting 
Engineering handbook of 
Sintered Powdered products 

and their composition, 
manufacture and 
application. 







BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 


For more information, turn to Reader Service Card, Circle No. 520 
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maximum stress equals the 

mate tensile strength of the | 
terial, then the 
strength can be 


4- 
residual stati, 
predicted. The 
good correlation between experi- 
mental results and results ealey- 
lated with the new method tends 
to justify the use of the analytica| 
procedure, at least for the 
aluminum alloys tested. 


LWO 


Phenolic Compound 
Is Noncorrosive 


A new electrical grade phenolic 
molding compound has been de- 
veloped by Durez Plastics Div. 
Hooker Electrochemical Co., North 
Tonawanda, N. Y. Called Durez 
18441, the molding material is 
ammonia free and is said to mini- 
mize corrosion of electrical con- 
tacts and metal inserts. 

Applicable to compression or 
transfer molding methods, the 
wood flour-filled phenolic com- 
pound has a fast rate of cure. The 
molded material is said to have 
excellent insulation resistance and 
is characterized by good finish and 
low specific gravity. 


PROPERTIES OF DUREZ 18441 





Specific Gravity 1.36 
Molding Shrinkage, in./in. 0.005 
Water Absorption, % 1.0 
Izod Impact, ft Ib/in.* 0.29 
Flexural Strength, psi* 9500 
Tensile Strength, psi* 7500 
Compressive Strength, psi* 25,000 
Distortion Under Heat (264 psi), F 300 


Mod of Elasticity in Tension, 10° psi* 1.3 





Rockwell M Hardness 108 
Dielectric Strength, v/mil> 

Short Time 425 
’ Step-by-Step 300 
Volume Resistivity, ohm-cm 1 x 10" 
Dissipation (power) Factor” 

60 cycles 0.05 

1 kc 0.03 

1 mc 0.03 
Dielectric Constant” 

60 cycles 6.2 

1 kc 5.9 

1 mc 5.4 





aCond 48 hr at 122 F; tested at room tem- 


perature. 
bCond 48 hr at 50% R. H., 73 F. 


For more information, Circle No. 598 » 
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The Outlook 


Materials subsidies to continue 

The present Administration’s policies with respect 
to materials are likely to continue and will generally 
follow our State Department’s lead in opposing tariff 
protection actions, as in the case of lead and zinc, 
and, more recently, fluorspar. As an alternative, the 
Administration has acted in favor of materials sub- 
sidies in the form of Government procurement pro- 
grams. 

Protection for domestic materials producers 
through increased tariffs or by way of the antidump- 
ing act has in the past met with little success. On 
the other hand, $30 million of additional funds have 
been requested, and will probably be approved, to 
purchase such materials as tungsten, asbestos, fluor- 
spar, columbium, tantalum, and mica for Govern- 
ment account at prices far above world market prices. 
An additional $130 million has been requested in the 
new Budget for purchases running into 1958. The 
net effect of these actions is that these domestically 
produced materials go into Government stocks while 
consuming industries import virtually all of their 
requirements for these same materials. 


No support for copper tubing manufacturers 


As a result of the Government’s subsidy programs, 
U. S. copper tubing producers will have a hard time 
gaining Administration support for protection from 
imports of copper tubing. The disparity between the 
price of foreign-produced copper and domestically 
produced copper can only make it increasingly diffi- 
cult for tubing manufacturers to continue satisfac- 
tory operations. 

Domestic copper producers are under continuing 
pressure to reduce prices. Just how far such reduc- 
tions can go is difficult to measure, especially since 
the Government is being encouraged to buy up sur- 
plus copper if the price reaches 31¢ per lb. Entry of 
the Government into the market would put copper 
in the same category as lead and zinc, i.e., the Gov- 






AND SUPPLY 


by Herman B. Director, Consultant, Washington, D.C. 


ernment would buy domestic copper and at the same 
time barter agricultural surplus for foreign copper 
in order to sustain the world price. However, it is 
doubtful whether the Government can act quickly 
enough to bolster the market. 


Guaranteed floor price for nonferrous metals 


Token offers of aluminum are being made to the 
Government under contracts calling for the Govern- 
ment to underwrite the aluminum expansion pro- 
grams. The Government also provides a home for 
any surplus titanium which shows up in the market- 
place. Our major nonferrous metals—copper, alumi- 
num, lead, zinc, titanium, columbium, tantalum, (also 
materials such as fluorspar and mica)—are, there- 
fore, guaranteed a floor price. This introduces a 
rigidity into the market which consuming industries 
cannot alter. In the face of increased supplies of 
virtually all of these materials, we would normally 
expect reductions in price. However, the support pro- 
grams will make it impossible for the benefits of 
increased supplies to be passed on to the consumers. 


Industrial diamond supplies tight 


Industry is currently feeling a bad pinch in the sup- 
ply of industrial diamonds for grinding wheel and 
other applications. The Diamond Syndicate, from 
which virtually all diamonds are imported into the 
U.S., has reduced supplies by amounts ranging from 
8 to 40%. In recognition of this reduction of supply, 
the Government has ceased all purchases for its own 
stocks and has suspended barter transactions. 

The shortage in the supply of diamonds is espe- 
cially important in view of the rapid strides being 
made by cemented tungsten carbide tools, which are 
sharpened by diamond grinding. In fact, high speed 
tool steels are losing out to cemented carbides; one 
leading producer of both materials indicates that as 
much as 50% of his business has shifted from high 
speed steels to cemented carbides. Estimates for 
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The Outlook—continued 





1957 show another sizable increase of as much as 
10% in the growth of tungsten carbide tools. 

An encouraging note, insofar as diamond supply 
is concerned, comes from General Electric Co. which 
says that progress in manufactured diamonds is 
ahead of schedule and commercial quantities will be 
available sooner than had been expected. 


New Year forecasts too optimistic 

The first wave of New Year forecasts is happily now 
over. Virtually all materials suppliers have forecast 
increased sales of their materials. These forecasts 
have generally been based upon increased usage in 
automobiles of most materials, including aluminum 
for trim and die castings, zinc for die castings, cop- 
per for wire and other applications, cotton for pad- 
ding and upholstery, Mylar and vinyls for upholstery 
and protective coatings, and other plastics for trim 
and functional parts. We believe, that these early 
forecasts are perhaps too optimistic. For example, 
estimates of 50 lb of aluminum per car have now 
been shaded by more precise market research down 
to 38.1 lb per car for the 1957 models, as compared 
with about 35 lb for the 1956 models. Enthusiastic 
estimates of this type may lead to unusually abun- 
dant supplies of some of these materials. 


Steel demand will force revision of product mix 
Demand for steel continues to be high in spite of 
producers’ statements that demand for cold rolled 
sheets for automobiles and appliances is declining. 
There is still enough demand for other products to 
sustain steel production at a high rate. A change in 
the demand pattern might cause some of the mills 
to revise their product mix and switch more ingot 
tonnage to items in stronger demand. As sheet and 
strip rolling facilities become more readily available, 
there could be an increase in the use of these facili- 
ties for rolling light plate. 

Two days after the Administration turned down 
the steel industry’s request for rapid tax amortiza- 
tion covering its $2.3 billion expansion program, the 
Joint Congressional Committee on Internal Revenue 
Tariff issued a statement which actually leaves the 
door open to further tax amortization with respect 
to steel plate and structural shapes. In the state- 
ment, the Committee recognizes the fact that there 
will be pressures for subsidies from new companies 
which are not producing specific defense items, but 
which, nevertheless, can be easily converted if neces- 
sary. For example, a plant producing heavy steel 
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plate for mining equipment or for ocean vessels cou] 
be turned to war production in an emergency fast; 
than, say, some sheet mill that the Government pre 
ently plans to convert. As a result, “there will be 
more or less steady stream of certifications of th 


°° 
sort. 


Butadiene may be source of new materials 
Butadiene is expected to become a rival of ethylen 
in the near future as a starting material for plasti 
and petrochemicals. At present, butadiene is uss 
primarily in synthetic rubber production; ethylen 
of course, has wide application in the plastics an 
chemicals field. 

The butadiene program should get off the ground 
later in the year when new facilities are expected to 
go into operation. It is believed that butadiene could 
be used more efficiently and economically than ethy 
lene. At present, neither butadiene nor ethylene is 
in surplus supply. 


Titanium promoted in Senate report 

The Senate Committee on Interior and _ Insular 
Affairs has issued a special report on titanium. This 
report calls attention to the growth of the industry 
and criticizes the Administration for halting its ex- 
pansion program. The testimony, as reported, indi- 
cates that both supplies and technology are improy- 
ing and that supply is more than adequate to meet 
current demand. The Committee, however, urges 
further expansion of titanium production in all 
forms. This Committee has spent more time on tita- 
nium than on any other material. 


Platinum prices reduced 

Platinum prices have been lowered considerably. 
Nevertheless, transactions on the recently opened 
New York Exchange do not seem to be very active. 
It is reported that Russian platinum, which we esti- 
mate to be in plentiful supply, has been entering 
world markets. If this is true, it could be a fore- 
runner of similar U.S.S.R. activities in less expensive 
materials, such as manganese and chromium. 

U. S. industry has demonstrated an ability to util- 
ize palladium at $23 per oz, as compared with plati- 
num at about $100 per oz. This, coupled with re- 
ported dumping by the U.S.S.R., could be responsible 
for the drop in platinum prices. It is not inconceiv- 
able that the price of platinum will drop still further. 


Fiberglass threatens asbestos 

Recent developments in fiberglass technology may 
lead to increased supplies at prices competitive with 
that of imported asbestos. There are many applica- 
tions for which asbestos, rather than fiberglass, has 
been specified only because of price considerations. 
New developments by domestic fiberglass producers 
are destined to overcome this price differential and 
relieve the continued pressure for imported asbestos 
for thermal insulation. 
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Abundant Supply at Lower Prices 


@ The possibility of a _ serious 
copper shortage within the next 
five years is remote. According 
to the Copper and Brass Research 
Assn., at least three favorable 
factors can probably be counted 
on: 1) greatly increased capacity 
at new mine facilities scheduled 
for completion by 1962; 2) con- 
tinued and extensive exploration 
for new ore bodies; and 3) steady 
output from domestic sources as 
a result of a three year labor 
agreement concluded at all major 
U. S. mines. 

Assuming no major depressions 
or disastrous wars, and no serious 


inl at 


work stoppages from any cause, 
the prospects are that free world 
mine capacity should reach almost 
4 million tons by 1962. Compared 
with an actual production of just 
over 3 million tons in 1955, this 
would be an increase of 31% over 
current capacity. 

On the other hand, consumption 
is lagging behind production. Last 
year saw at least two major price 
reductions as a result of over- 
supply. Indications for 1957 are 
that the unbalanced supply-de- 
mand situation will continue, even 
to the point of further reductions 
in copper prices below the 32¢ a 





Where Copper Is Used 


(Percent of Total) 


Electric lines (light, power, communications) 
Electrical equipment (incl communications) 
Construction (building materials, pipe, tube, sheet) 


Motor vehicles 

General components 
Consumer durable goods 
Electronics 

General industrial equipment 
Railroad equipment 
Scientific, technical equipment 
Engines, turbines 
Metalworking equipment 
Military (conjectural) 
Undistributed 

Miscellaneous industries 


— . 
= Co © 


_ 
WONnNAARKRFRKRNONNWNDW WH CO 







} i] i j j | 
3 '54 '55 ‘56 ‘57 ‘58 ‘59 ‘60 ‘6I ‘62 


L j l j j 
‘45 46 47 48 ‘49 '50 ‘51 ‘52 ‘5 
U.S. copper production from 1945, including estimates to 1962. 


lb level recently announced. The 
long term outlook, however, ac- 
cording to CABRA, points to ex- 
tensions in the use of copper to 
balance out the picture. 

For example, per capita con- 
sumption of copper in the free 
world (excluding the United 
States) in 1955 was 2.9 lb; U.S. 
per capita consumption was 18 lb. 
The free world population is in- 
creasing at a rate of more than 
35 million every year and, depend- 
ing upon the ability of underde- 
veloped nations to mechanize their 
industries, world consumption will 
probably rise. In the meantime 
new applications for copper con- 
tinue to be found. 

One of the most recent innova- 
tions in building construction is 
use of a copper alloy “curtain 
wall’ to enclose a skyscraper. In 
the first transatlantic telephone 
cable, which went into operation 
last year, copper was a vital ele- 
ment. In atomics, copper is 
indispensable for particle acceler- 
ators—cyclotrons, betatrons, gen- 
erators, etc. Copper is used ex- 
tensively in automation equip- 
ment. All of these relatively new 
industries will undoubtedly ex- 
pand and increase their use of 
copper. 


(Prices of Materials on p 228) 
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NONMETALLICS 


Prices for large quantities for range 








of grades, color, sizes; given in $/lb 
RUBBER 

Material Dry Latex 
Butadiene-Acrylonitrile .49-.65 44-.54 
Butadiene-Styrene .16-.30 .26-.32 
Butyl .23-.28 — 
Neoprene®* 39-75 37-47 
Silicone* 190-4 | — 
Polysulfide* AT-1 | ~~ -.70-.92 
Natural 37 | — 








aLess than carload quantities. 


GLASS FOR REINFORCED PLASTICS 





Fabric ($/yd, 38 in. wide)* 


































112 Woven 48 

181 Long-shaft satin weave 1.03 

143 Unidirectional 1.00 
Roving* 

Continuous 40 

Continuous spun strand 36 

Continuous chopped spun 38 
Milled fibers (1/32-% in.)* 45 
Mat 

Chopped strand (2 in.)*"> 52-.72 

Surfacing ($/1000 sq ft)° 10-19 
Continuous chopped strand 

(4-2 in.) 40 





4Price includes binder or finish. 
bPrice varies with binder. 
c0.010-0.020 in. thick. 


THERMOSETTING PLASTICS 














| Molding Laminating, 

Material Compounds | Casting Resins 
Alkyd .34-.53 — 
Epoxy os .45-.80 
Melamine 42-45 40-.41 
Phenolic | .20-.40 .17-.34 
Polyester — .32-.50 
Silicone 2.75-5.40 1.55-1.748 
Urea | 19-33 2. 





a60% solids content. 


All prices are approximate and given 
solely for general guidance of those 
responsible for materials selection. 








Prices of Materials 


















THERMOPLASTICS 
Molding Sheet Rod Tube 
Material Compounds |(.030-.250 in.) 
| | -% in. | ¥-1% in. | Ye-Yy in. %-1% in. 
Acrylic 51-.59 | 49-2.15 | 90-1.15 |  .80-.90 | 1-1.15 90-1 
Cellulosic | 
Acetate .36-.65 .92-1.16 15-1 .65-.75 85-1 .75-.85 
Butyrate 50-.72 1-1.28 95-1.20 .85-.95 1.05-1.20 .85-1.05 
Nitrate — 1.60-2.73 | 1.45-1.75 2.25-5.00 
Propionate .51-.63 | — | — 
Fluorocarbon 
PTFCE 7-12 15-23 18-22 20-22.50 
PTFE 4.50-7.45 | 14.30-11 13 13 
Nylon 1.35-2.30 | 3 | 3 
Polyethylene .37-.56 85-1 15-1 .65-.75 85-1 .75-.85 
Polystyrene 27-44 .57-.61 .65-.90 55-.65 .15-.90 .65-.75 
Vinyl .27-.43 .62-.92 15-1 .65-.75 85-1 15-85 








NONFERROUS METALS 


Mill base prices for large quantities; 























given in $/lb except where indicated 






































ALUMINUM LEAD 
Pig (99-99.9%) 25-.27 Common Grade 16 
Ingot (99-99.9%) .27-.29 
Foil (5-0.5 mil) 55-.77 
Alloy Ingot (13, 43, Al32, 214) .29-.32 
Sheet (1100, 3003; 3-.03 in.) 40-.45 MAGNESIUM 
Plate (1100, 3003, 5050, 3004, 5052)"  .40-.43 Pig (98.8%) 36 
aMill finish. Ingot (98.8% 3] 
AZ91B Ingot (die casting) 37 
BRASS AZ9I1C Ingot (sand casting) Als 
aDelivered price. 
Cart., Low, Red, 
Form 70% 80% 85% 
Sheet, Strip 50 53 55 one 
Seamless Tubing Ss 56 57 
Rod (not f.c.) 50 53 55 Form 7. oe | Monel 
Wire 51 54 55 
Ingot 158 - 
Rod — 1.07 89 
COPPER Sheet, C.R. — 1.26 1.06 
Strip, C.R. — | 1.24 1.08 
ingot (elec) 36 Seamless Tube — | ts) 12 
Sheet, Strip (hot rolled) 58 
Seamless Tubing 58 aDelivered price. 
Rod, Drawn 55 
Rod, Free Cutting 64 
Wire TIN 
Round Al 
Square, Rectangular A5 Primary* 1.09 
Magnet 49 





aDelivered price. 






(Prices continued on p. 230 
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OVER-DESIGNING ? 


If you are designing bronze parts for mass 
production, there is a good chance that you are 
specifying a more costly alloy than you need. 

ASARCO’s patented continuous-casting 
process produces alloys according to SAE, ASTM 
and Government specifications. But their 
performance is entirely unlike that of similar 
alloys cast in sand or permanent molds. 
Relatively low-cost alloys cast by the ASARCO 
process perform like more expensive alloys 
cast by other methods. 

For example, compare Continuous-Cast 
SAE 660 (ASARCON 773) with more 
expensive sand-cast alloys: 













































Typical Typical Brinell 
Yield Strength Impact Strength Hardness 
ASARCON 773 27,000 psi 12.5 ft.-Ibs. 72 
Sand-Cast SAE 62 20,000 psi 8.7 ft.-lbs. 65 
Sand-Cast SAE 64 17,000 psi 8.2 ft.-Ibs. 62 


Unless you’ve checked to see whether the 
unique ASARCO bronzes can give you what you 
need, there’s a possibility that you’re 
over-designing. You may even be able to replace 
aluminum and manganese bronzes with 
low-cost ASARCON Continuous-Cast bronzes 
under certain conditions. Over-designing 
can be expensive in mass production, 
even if you are spending only a penny or two 
extra per pound of bronze. 

ASARCON 773 (SAE 660) is readily 
available from stock in a wide range of sizes. 
An added bonus is the fact that ASARCON 773 
is exceptionally free-machining. Rods, tubes, 
and numerous “extruded” shapes up to 
9 inches in diameter are cast to order by 
ASARCO in more than 20 alloys. 

We'll be happy to send you a free booklet 
describing the process and the product. 








Continuous-Cast Products Department 


_ AMERICAN SMELTING AND REFINING COMPANY 
Perth Amboy Plant, Barber, New Jersey « Whiting, Indiana 


WEST COAST SALES AGENT: Kingwell Bros. Ltd., 457 Minna Street, San Francisco IN CANADA: Federated Metals Canada, Ltd., Toronto and Montreal 





For more information, turn to Reader Service Card, Circle No. 561 
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PRICES PMOISU: 


there’s a 





TITANIUM 






























Sponge (99.3+4-%) 
Bars, Rod 

Plate 

Sheet Strip 

Wire 











Primary® .13-.14 

MODERN GRAY IRON GASTINGS =< 
| Pil. Sheet 24 

r so : Ribbon Re 


‘ : aPrime Western—Special High Grade 
Underneath the exteriors of each of bAlloys 2, 3, 5. ¢Delivered price. 
“tomorrow's'’ automobiles, you'll find 
a quarter of a ton of gray iron castings. 


Progressive designers and purchasing 





in zine | 
' 
- 


METAL POWDERS 






















ilctieliiiamelate! 


agents in other industries are also taking Aluminum 36 
a new look at modern gray iron utilizing i's Brass* 3]-.4 
characteristics to keep pace with modern reas og or red.)* 1: . 
; : umbDiu 20 
codemgnt. There ‘keen buyers reclize Molybdenum (98%) 3.80-4.1 
ften more costly to duplicate the Tantalum 49 
properties of gray iron Tungsten (C-red. 98.8% : 
‘ ew ' Sy first in the design and ee 11.50 
Scat ase of parts for modern products. Electronics Grade 15 
Buy from reliable foundries displaying aPrice for —100 mesh. _—_ ¢Delivered p 
the GIFS symbol! Write for Buyers’ — 
Guide and Directory of members. 
a a le at OTHER NONFERROUS METALS 
Cadmium (bars) 1.7 
Gold $35/troy 02 
Indium (99.97+-%) $2.25/troy 
Manganese (99.9%) 3 
With modern gray iron a Palladium $23-24/troy 02 ra 
all , «a Platinum $98-101/troy ' 
castings you have a choice Fis \ Silver 91¢/troy oz ny 
; Tantalum (sheet, rod) 55-60 ta 
of over 30 fypes of Vanadium 3.45 
| Zirconium (sheet, strip, bar) 27-35 pe 





aDelivered price. 
non-metallic coatings 





IRONS AND STEELS 


Mill base prices for large quantities 





nr nr arn ee ee ee ee ee | SEMIFINISHED STEEL ($/net ton) 





it's time to design with | Ingots, Alloy 14 


Billets, Blooms, Slabs 
| Carbon, Re-rolling 14 
Carbon, Forging 92 
Alloy, Forging 107 
GRAY IRON FOUNDERS’ SOCIETY, INC. a i lita a 
National City-East 6th Bldg. * Cleveland 14, Ohio wise ee 


(Prices continued on p 23?) 
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Ramjet tailpipes withstand severe abuse. (Photo courtesy Marquardt Aircraft Company) 








| MULTIMET Alloy Controls 
the BI 
e Blast of Ramjet Engines 
Tailpipes used to direct the searing blast of power in is only 0.051 to 0.078 in. thick. The combined high-tem- 
2 today’s ramjet engines must withstand temperatures in perature strength and oxidation resistance of MULTIMET 
| 02 - : . ; , P , ‘ ei ‘ 
excess of 2000 deg. F, plus severe vibration. High-speed alloy permits the use of lightweight tailpipes with good 
vy OZ ramjets operate in the neighborhood of 1500 mph. At these heat-transfer properties. 
roy 02 . ee’ cae, a ; 
. high speeds, vibration is almost as serious a threat to P 
) aise Mae ie Muttimet alloy is one of many Haynes alloys capable of 
} tailpipe life as heat. Because of its strength at high tem- , , : . 
ee extending the life of parts used at high temperatures. For 
peratures, MuLtiMet alloy has given good service in tailpipes oP 2 : 
= literature describing the properties of Haynes high- 
that vibrate as much as three inches. ; 
temperature alloys, get in touch with the nearest Haynes 
Ramjet tailpipes are made of Muttimet alloy sheet that Stellite Company Office. 
aml 
tities - 
e 
az 
n) '" HAYNES STELLITE COMPANY 
— e 
14 ° A Division of Union Carbide and Carbon Corporation 
e 
f “—- General Offices and Works, Kokomo, Indi 
° eneral Offices and Works, Kokomo, Indiana 
32 y iL. i... oa Ss e Sales Offices ; 
)7 : Chicago - Cleveland + Detroit - Houston - Los Angeles - New York + San Francisco + Tulsa 
12 ° 
/ cowl 
nee) “Haynes’’ and “‘Multimet’’ are registered trade-marks of Union Carbide and Carbon Corporation. 


For more information, turn to Reader Service Card, Circle No. 433 
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FINISHED STEEL ($/cwt 





























































High Str 
Form Carbon | Low Alloy ' 
Plate 4.€5 7.25 
Sheet, H.R. 4.67 6.90 
Sheet, C.R. 5.75 8.52 
Strip, H.R. 4.67 6.95 ~ 
Strip, C.R. 6.85 10 14.55 
Bar, H.R. 5.07 7,42 
Bar, C.F. 6.85 — 
This ASC Processed Forged Steel Valve produces the equivalent of a forged Stainless Steel valve for 
about 50% of the cost. Note that all surfaces including drilled holes, flanges and threads are protected. | STAINLESS STEELS ($ Ib) 





— 











| Material | Forging! H.R. | Plate> Sheet 
| Billets | Bars Strip 
e 6 oy 
orrosion Kesistance = =— 3" 
301, 302, 
302B, 303, 
° ° ° | 304, 305 .36-.40 | .41-.46 | .45-.49 | 50-56 
Ordinary Steels Given 430 Stainless 30]. 4 | 53 | 58 | 63 
: 347" 04 62 67 16 
Surface Properties by Atom Exchange 
Martensitic 
, aia 410. 27 | 33 | 34 | 39 
A new process — ASC Metal Diffusion — 416 28 | 33 | .35 Ay 
Stainless Alloy Surface applied to Can vastly increase the corrosion resistance pe e o | ,* | 2 - 
blower impeller provides corrosion pro- of steels having a carbon content of 1008 ; 
tection whether blower is moving air, Ss 
steam or corrosive fumes. to 1053. By the interchange of iron and beg 
; ey? :' 405, 430, 
chromium atoms, a Stainless Alloy Surface is 430F « 28-29 | 33-34 .35-.36 | .39-5 
created — the equivalent of 430 stainless — 442 32 38 40 54 
¢ 20 2s ¢ i OT: or F > are 43] 36 A2 44 04 
that becomes an integral part of the parent AAG 38 | 45 | 46 6] 
metal. Not a plating, coating or cladding, it —————| — 
will not craze, crack, peel or chip. Finished — 5 | an se 
or unfinished products can be processed, and 
completed work can be formed, welded, Extra-Low © 
; 304L 4] 53 56 61 
, brazed, soldered, or polished by methods in 316L 64 74 78 82 
i rr ae ae general use. Little or no dimensional change Precip “wy ~ | | 
faced — have better strength than occurs as a result of the Process. 17-7PH 55 65 72 | 77-82 
Stainless Steel and have corrosion re- ‘ ‘ ‘ | J /-.02 








sistance equal to 430 Stainless. There 
is no growth on male or female threads 


om ik is nat disvarhed. medium carbon steels heat protection up to | 


In addition, the Process can give low and | alngot prices approx 60% of forging billet 


price. 


2600°F., and medium and high carbon steels 
surface hardness of RC 70-72. ASC Metal 


METAL POWDERS (S$ Ib)* 





‘(Piet ‘ ‘dens ; Snes a co Sponge Iron 09-.10 
an greatly widens application engineer- | Electrolytic tron 
ing in iron, steel and ferrous alloys. Write | Annealed (99.5%) 37 
today for further information, consultation, | Unannealed (99+ 76) 34 
Stainless Steel 
or product demonstration. | 302 1.05 
| 316 1.40 





AK L L oO Y | aPrice for —100 mesh. 
SURFACES 1mOn (Sarees tom) 
The entire Surface of this Expanded 

Metal Chemical Platform is completely Cc oO M PA N - J Pig 62.50-43.50 


— 

















protected by Stainless Alloy Surface 
at low cost against chemical corrosion. 








103 South Justison St., Wilmington 1, Del. (Prices continued on p $7) 
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Sheet, 
Strip 


63 
16 


39 
4] 
4] 
60 


47 


6] 
82 


17-82 





gz billet 


9-.10 


7 
4 


50-63.50 


——————— 


D $7) 





TIN PLATE (S base box 





t Dip (1.25-1.50 Ib) 9.70-9.95 
¢ (0.25-0.75 Ib) 8.40-9.15 
ack Plate 7.50-7.60 








FINISHES AND COATINGS 
ORGANIC COATINGS 











Avg 
| Thk | Mils | Cost, 
Material per | Re- | ¢/sq 
Coat, |quired*| ft/dry 
mil mil 
VARNISHES, ENAMELS 
Short Oil Phenolic 
Varnish 1.0 1.0 
Enamel 1.2 1.0 
100% Phenolic 1.0 ie 
Straight Oil-Modified 
Alkyd 1.5 1.5 | 1.50 
Alkyd-Amine (90-10) 1.5 1S 1.75 
Alkyd-Phenolic (50-50) 1.5 15 | 1.75 
Alkyd-Vinyl (50-50) 1.0 2.0 | 2.0 
Alkyd-Styrene (70-30) 1.2 15 | 1.75 
Epoxy 1.8 1.8 | 2.00 
Silicone | .9-1.0 | .5-1.0} 6.0 
Furane | 2.0 2.0 1.0 
Neoprene 5.0 5.0 1.50 
DISPERSION COATINGS 
Phenolic 1 1.0 | 15 | 1.75 
Vinyl | 1.0 | 2.0 | 2.50 
Fluorocarbon | 1.0 | 1.0 | 15.0 
LACQUERS | 
Nitrocellulose 10 | 2.0 | 2.50 
Vinyl 1.0 2.0 } 2.50 
Acrylic 1.0 | 2.0 2.75 








aThickness over phosphate coating required 
for exterior durability on steel. For purely 
decorative coating, 1 mil will usually suffice. 
bMaterials cost only. Realistic price compar- 
ison can be made only on basis of dry applied 
coating, not on basis of cost per gallon. 


What’s Happening 
in Prices and Supply 


Steel—The steelmaking capacity 
of the United States has increased 
to 133,459,150 net tons, the high- 
est level ever attained, according 
to the American Iron and Steel 
Institute. This is an increase of 
more than 5 million tons over 
1955 and represents more than 


€ For more information, Circle No. 600 










IS NOT ATTACKED BY 
FUMING NITRIC ACID 


Reinforced Teflon (DUROID 
5600) showed no sign of 
attack after 48-hour 
immersion in Type IIIA 
fuming nitric acid at 80°F. 


DOES NOT COLD FLOW 
UNDER PRESSURE 


Reinforced Teflon (DUROID 
5600) at right resisted 
torque and flange pressure 


that caused extrusion 
of Teflon. 


REINFORCED TEFLON 


(DUROID 5600) 


INDICATED FOR 
CRITICAL GASKET USE 


GREATER RESISTANCE 
TO HEAT DISTORTION 


Teflon (left) distorted badly 
when subjected to 720°F. 
and then cooled. Reiriforced 
Teflon CDUROID 5600) 


‘retained flatness. 





Rogers makes several grades of reinforced Teflon under the 
designation DUROID 5600 series. One of these grades may be 
just the material you need for a critical gasket application. 
Please write Dept. M for technical data. 


*Registered trademark of DuPont Company for its tetrafluoroethylene resin. 





ROGERS CORPORATION "%:e0 


DUROIDS * SHOE MATERIALS « ELECTRICAL INSULATION « PLASTICS » RUBBER » FABRICATING * DEVELOPMENT 
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SPNOKIOISMCINRO)OSEE °°, St Paul St. Roch- 


America’s only complete optical source trom glass to finrshed product | 











BELL TELEPHONE 
LABORATORIES (@) 


assure precision in 
sub-miniature assemblies 







This transistor is enlarged 6 times. You can’t 
see much detail in its actual size, like this... 
Gs That’s why Bausch & Lomb Stereomicro- 
scopes are built right into Bell Laboratories’ 
ingenious experimental machine, “Mr. Meticulous,” which auto- 
matically assembles hair-thin elements in steps involving move- 
ments of 1/20,000 of an inch! Without visual fatigue, technicians 
get vividly magnified views of these tiny parts and intricate oper- 
ations. We’re mighty proud of the part B&L Stereomicroscopes 
play in helping Bell Laboratories achieve miracles 

in electronic technology to improve 
telephone service. 


FREE! exciusive 
3-D MICRO-VISION BOOK 


See actual stereo views! Choose exact model from 
industry’s most complete line, with unique Selec- 
tor-Chart! Write today 

for manual D-15. Bausch 
& Lomb Optical Co., 





W 





STEREOMICROSCOPES 
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40° of the world’s capacity. 
Benjamin Fairless, AISI pre; 


dent, says that the national ste: 
making capacity “has been 
creased every year for ten yea 
in succession and is 45% highs 
than at the end of World War II.” 
Indications of higher prices to 
come continue to pile up. John F. 
Smith, Jr., Inland Steel Co. vice 
president, recently stated that 
“steel prices must be increased, 
beyond the increment for current 
cost increases, so that earnings 
based on invested capital will put 
the steel companies in a position 
to successfully compete in the 
financial markets for their new 
capital requirements.” 
Platinum—tThe price of refined 
platinum has been reduced $5 an 
ounce for large quantities and $4 
an ounce for small lots, making 
the new range $98 to $101. The 
reduction is said to be the result 
of Russian offerings of the metal. 
Uranium — The world’s first 
production by private industry of 
enriched uranium for use _ in 
atomic power plants is under wa) 
at the Mallinckrodt Chemical 
Works plant in Hematite, Mo. The 
material, uranium dioxide en- 
riched in the isotope U-235, is 
manufactured to customer speci- 
fication and shipped to plants 
where it is fabricated into shapes 
useful for atomic reactor cores. 
Cemented carbides — Between 
7% and 9% more cemented car- 
bides will be consumed in 1957, 
according to K. R. Beardslee, gen- 
eral manager of General Electric 
Co.’s Metallurgical Products Dept. 
Mr. Beardslee based this predic- 
tion on the fact that “a recent 
survey indicates consumption of 
cemented carbide metals has been 
steadily increasing since 1950 at 
a 5-8% per year rate.” 
Manganese — A new company, 
U. S. Manganese Corp., will pro- 
duce manganese from domestic 
ores. At present the U. S. uses 
about 2 million tons of manganese 
yearly, 95% of which is imported. 
It is hoped that the new company 


































(INDUSTRIAL ENGINEER AT ALCO VALVE CO. REPORTS... 


‘‘We stepped up parts 


production 7QQ% 


by deburring and 
polishing with 








F. 
ha 
. ALNCO 
d, 
EQUIPMENT" 
rs 
ut 
yn 
he MR. HAROLD KRAUSHAAR, Industrial Engineer at 

Alco Valve Co., St. Louis, shows solenoid valve 
ind parts on which Almco barrel finishing equipment 

recorded vital production increases. 
2 
in KEEPING PACE with over-all stepped-up of deburring and finishing not only mastered the stricter 
34 plant production requirements was not micro-inch requirements, but cut rejects to a bare mini- 
ig easy at Alco Valve when it came to finish- mum. Since hand operations were completely eliminated, 
1e ing of piston and plunger valve parts. costly variables were no longer present. 
It These stainless steel screw machine MODERN TECHNIQUES IN BARREL FINISHING — It will pay 
il. parts were being deburred and polished you to investigate what Almco barrel finishing can do 
st by hand at the rate of slightly over 200 for your company. Almco’s technician-staffed laboratories 
of per hour. can help you by examining your product parts, running 
in It threatened to become a bottleneck, them through detailed sample processing to determine 
* and in addition, stricter finishing specifi- what combination of machine, compound, media, cycle, 
cations were calling for 25 micro-inch on both plungers etc., will produce the results you want, at lowest possi- 
al and pistons, further increasing man hours. ble cost. 
ne 


FINISHING PRODUCTION SOARED — After detailed lab All you have to do to get a complete report with abso- 
n- ; : . lutely no obligation is to write Almco, asking an engineer 
analysis and testing procedures on typical parts by Almco 








Is engineers, an Almco Model DB-400 barrel finishing to call and arrange it. Or, send sample parts and specifi- 
.j- eal a : cations on results desired direct to Almco’s main labora- 
machine was installed. Production rate on deburring and ' t Albert I. Mi al 
ts polishing rose from 200 per hour to over 1400 per hour oa : ill ™ ni st te : i that Al ase hist 
eS —a direct increase of 700%! Plant production schedules Oe ee Oe eee wo Sw Swe Seo Cee ans 
; ; reports now cover a tremendously broad variety of parts, 
S. were met without difficulty. ; ei : : 
= metals, and finishes. Get information on your require- 
; REJECTS PRACTICALLY ELIMINATED — The Almco method ments now! 
T- 
7 ns 
n- SEND FOR THIS ~~ [> 
1c NEW BARREL FINISHING | gs 
CLL LK, i 
rt. HANDBOOK Let Shaggy 
PAmme, Finersney j 
C- Complete description of the most SNORE RT ane Sree 
nt advanced modern processes. 52 
of pages of facts, photos, data and 
a cost comparison charts. Write for 
at your personal copy today. 
y; 
, ALNCO 
ic 
eS DIVISION OF QUEEN STOVE WORKS, INC. 
33 Marshall Street e@ Albert Lea, Mi t 
Se Deburring and polishing of piston parts is a smooth one-operation process err Lea, minnesota 
d. at Alco Valve. After O.D. centerless grinding and angle seating, parts are Sales Engineering Offices in Chicago, Detroit, Los Angeles, 
Vv processed to tight specifications in this Model DB-400 Almco machine. Newark, New Haven, Philadelphia and London, England. 
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HEAT TREATING MECHANIZATION 


IS A FAMILIAR STORY TO AJAX! 


Send details 
of your proposed installation 


@ In hundreds of applications, complete 
heat treating cycles are handled automatic- 
ally by conveyorized salt bath installations 
engineered from beginning to end by Ajax. 

From small parts to big ones; whether 
difficult shapes or selective heating require- 
ments, the work is done faster . . . at less cost 
..-1n less floor space .. . with exceptionally 
uniform results. 

From single furnaces to elaborate com- 
binations, each operation is automatically 
operated and controlled, and the human 
element eliminated. 

Exceptionally broad experience with 
merry-go-round, jackrabbit, screw conveyor, 
rotary basket, swing, elevator, push-pull and 
other heat treating mechanisms gives Ajax 
a head start on solving your mechanization 
problem the minute you bring it to us. 


for recommendation. 


electric 


SALT 
BATH 


furnaces 


AJAX ELECTRIC COMPANY 


906 FRANKFORD AVE. PHILADELPHIA 23, PA. 


Associates: Ajax Engineering Corp. 
Ajax Electrothermic Corp. 





REPRESENTATIVES 


ARLINGTON, TEX.: T. E. Nicklas Company, 1015 Inwood Drive, P.O. Box 92 
ATLANTA 9, GA.: C. B. Rogers Associates, 1000 Peachtree St., N.E., P.O. Box 7086—Station C 
BALTIMORE 15, MD.: Edward R. Talone, 4313 Elderon Ave. 

CLEVELAND 13, OHIO: Anderson-Bolds, Inc., 2012 W. 25th St. 

DENVER 11, COLORADO: Richards & Associates, 2415—15th St. 

DETROIT 35, MICH.: J. E. Bullock, 19449 James Couzens Hwy. 
ELMHURST, ILL.: 0. M. Haseltine, 129 N. York St. 

GLENSIDE, PA.: John P. Clark, Jr., 124 S. Easton Rd. 

GOSHEN, OHIO: Ralph D. Hawkins, Box 196 

HAMDEN 18, CONN.: Joseph M. Halloran, 63 Mowry St. 

LOS ANGELES 22, CALIF.: A. W. Nash, 2112 S. Atlantic Blvd. 
MOUNTAIN LAKES, N. J.: Roger Stuart Brown, 7 Point View Place 


NASHVILLE 4, TENN.: H. R. Miles & Assoc., 2508 Franklin Rd. 
NEW YORK 6, N.Y.: Roger Stuart Brown, 136 Liberty St. 
ORINDA, CALIF.: George H. Thurston, 1 Estates Court 
PITTSBURGH 22, PA.: McQuiston & Gibson, 310 Renshaw Bidg. 
SEATTLE 4, WASH.: H. E. Hartiey, 230 Hudson St. 
TONAWANDA, N. Y.: A. 


C. Towne, Jr., Charles Percival, Jr., 1456 Niagara Falls Blvd. 
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will eventually produce enough 
make the U. S. independent of 
foreign sources in case of w 

Rubber — Non-tire, industrial 
rubber consumers’ should use 
about 750,000 tons of rubber in 
1957, or 38% of the country’s 
total rubber consumption, accord- 
ing to Thomas Robins, Jr., presi- 
dent of Hewitt-Robins, Inc. Mr. 
Robins feels that production facil- 
ities have been expanded to a 
point where supplies ef most 
products are approximately in 
balance with demand. 

Plywood—Prices of fir plywood, 
which fell from $95 per 1000 sq. 
ft. in 1948 to $67 in 1956, will 
probably be established at $72 in 
1957. The “big four” plywood 
producers—U. S. Plywood Corp., 
Simpson Logging Co., Long-Bell 
Div. of International Paper Co. 
and Georgia-Pacific Plywood 
Corp., as well as several smaller 
companies, have issued new price 
lists at $72. 





New refining process yields crys- 
tals of pure titanium. 


Titanium Supply Up; 
New Refining Process 


Since its inception six years 
ago the titanium industry has 
doubled and redoubled production 
at a phenomenal rate. Production 
of finished mill shapes in 1956 
totaled 10,600,000 Ib, about 25% 
higher than first-of-the-year esti- 
mates. In 1957, the industry ex- 
pects to produce about 23 million 
pounds of mill products, an in- 






















50% greater elevation means 
larger weldments...faster welds 


welding 
~ ‘positioners 
ro} omanet-scoum-nee 














The chart on the left clearly shows how a typical 
P&H Welding Positioner has a 50% greater 


a p l ght com pa riso n chart elevation—can turn larger weldments and lift them 
almost 114 feet higher than competitive makes. 
for model WP-3 ce | ie 
mes Welding is easier, faster, with a P&H Positioner. 
tf Welding Positioner Table tilt is clear through 135° — without legs 


or posts to interfere with rotation. 


Mfr. Minimum | Maximum | Range Capacities range from 500 to 100,000 Ibs. Send 
as , : today for booklet ““What you should know about 
46% 82% 36 Welding Positioners.” Address: Dept. 311G, 
344%” 5AY" 20” Welding Division, Harnischfeger Corporation, 
Milwaukee 46, Wisconsin. 


42” 66” 


40” | 55” ' HARNISCHFEGER 


WELDERS: ELECTRODES: POSITIONERS 
Milwaukee 46, Wisconsin 
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Small but versatile 


CEC’s 5 to 50 pound melting and 
casting furnace offers: 


Three-way casting: Melts of 5, 12, 
17, 30, or 50 pounds can be cast in 
single or multiple molds—or centrif- 
ugally. 


Ease of materials handling: Al! 
parts of the furnace interior are with- 
in arm's reach. The oblique angle 
flange connecting the chamber sec- 
tions provides unusual vertical clear- 
ance for removing molds directly 
with a crane. A deep mold well pro- 
vides 33” under the crucible lip for 
pouring bar-type ingots. 


Complete controls: A manual brid ge- 
breaker assembly is combined with 
a water-cooled, nonfogging sight 
tube for optical pyrometry. A sam- 
pling device and a thermocouple 
assembly are standard accessories. 
Interlocking of the pneumatic vac- 
uum line valves makes for safe and 
proper cycling. 

The mold well is water-cooled. 
Electric feedthroughs are provided 
for mold heating. 















Consolidated 
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Process observation, alloy additions, pouring, temperature 
and pressure readings, high frequency control, valve se- 
quencing —all focus around one center of operation. 


a high-vacuum furnace 
for lab and pilot plant 


Ample pumping: A 2-stage diffu- 
sion-ejector pump brings the system 
swiftly to the low micron Hg pres- 
sure range, with plenty of reserve 
capacity for pressure surges from 
alloy additions, deoxidation, and 
pouring. 

Write for illustrated bulletin No. 
4-30 that lists complete specifica- 
tions, accessories, and design features 
of this remarkably versatile furnace. 





Open furnace shows crucible and coil as- 
sembly. Mold chamber has deep well and 
(optional) indexed table for multiple molds. 


Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 


crease over 1956 of about 13° 





Sponge production, about 29 miij- 
lion pounds in 1956, is expected to 
increase to about 50-56 million 
pounds. 

The price trend was downward 
throughout all of 1956. Titanium 
Metals Corp. of America reduced 
mill product prices by 12%. Dy 
Pont reduced sponge prices from 
$3.45 to $2.75 per lb. 

Expansion 

Sizable expansion plans were 
announced by TMCA and Du Pont 
during 1956. In addition: Repub- 
lic Steel Corp. and Cramet, Ine. 
joined forces to produce titanium; 
Kennecott Copper Corp. and Al- 
lied Chemical Corp. formed a joint 
subsidiary to produce titanium: 
National Distillers Products Corp. 
announced plans for a 5000-ton- 
per-year sponge plant. 

Meanwhile, Mallory-Sharon Ti- 
tanium Corp. has announced that 
it has a new electrolytic refining 
process that yields extremely pure 
metallic titanium, and will build 
a large-scale pilot plant for evalu- 
ation of the new process. 
Reclaim scrap? 

According to James A. Roemer, 
president, the process has _ been 
“proved on a laboratory scale and 
several hundred pounds of ductile 
titanium have been produced.” Al- 
though no details of the process 
have been revealed, Mr. Roemer 
says that many grades of scrap 
can be easily refined. 

End product of the process is 
large crystals of extremely pure 
metal (see photo) formed on a 
steel cathode in a heated electro- 
lytic solution. After refining, the 
crystals will be used in Mallory- 
Sharon’s double-melting process 
for the production of large ingots. 

Up to now technical difficulties 
and complicated handling have 
been responsible for the “lack of 
a market for titanium scrap. If 
the new process proves as attrac- 
tive as it now appears,” Mr. Roe- 
mer feels, “this scrap situation, 
affecting the entire industry, will 
be radically changed.” 








































































lum 
iced 

Du 
rom 


vere 
ont 
Dub- 
Ine. 
um; 
Al- 
joint 
um; 
,Orp. 
-ton- 


| Ti- 
that 
ning 
pure 
build 
valu- 


mer, 
been 
> and 
ictile 
” Al- 
ocess 
emer 
scrap 


‘SS 1S 
pure 
on a 
actro- 
y, the 
llory- 
“Oocess 
ngots. 
ulties 
have 
ick of 
p. If 
ttrac- 
. Roe- 
ation, 
y, will 








Solve your heat treating problems 


. .. in our laboratory .. . on production equipment! 


Take an active part . ©. see the actual results . . . of ¢ You can draw from a reservoir of over fifty years 
procedures and equipment developed to suit your of accumulated knowledge in this field .. . 
specific needs. We feel that the Hayes Laboratory is knowledge gleaned in dev eloping the wide line 
unique in what it offers... GUARANTEED RESULTS! of “Certain Curtain” electric furnaces and 


allied equipment. 


Here’s why: ¢ You can use our laboratory facilities . . . and the 

services of our entire staff... WITHOUT COST 

OR OBLIGATION . . . because we know that 

those introduced to the superior features of the 

C. I. Hayes line become steady customers and 

¢ Ifexisting equipment does not meet specifications, good friends. Act today . . . for GUARANTEED 
new equipment will be designed and built to suit. RESULTS! 


¢ Laboratory contains an extensive line of produc- 
tion heat treating equipment on which to develop 
customized plant procedures. 


Pee ae See ee Se See ee ee ee ee 

























An Added Convenience | : pe 
The vi Please send me your new bulletin describing the 
e pilot of our four-place Beech- peed , 
craft Bonanza plane will pick | facilities available to me at the C. I. Hayes 
you up at any Eastern airport i “tin Laboratory. 
within a reasonable radius from ui ‘ ‘ 
our plant... and speed you to I 1 am mostly concerned with the following heat 
the home of profitable heat i treating procedures: 
treating procedures. 
i C] High Speed Hardening [) Stainless Steel Heat Treating 
l (] Tool Steel Hardening ([] Sintering 
1 [] Carbo-Nitriding [] Copper Brazing and Soldering 
I [J Tempering [-] Lead Pot Hardening and Tempering 
I [] Vacuum Heat Treating [_] Atmosphere Equipment 
I [] Bright Heat Treating ([_] Other... 
Cc 8 HAYE -_ RE a OI RE Se eo nied asada 
e * i INC e | a ee a ae 
Established 1905 GI iathahdiittlanitaliadisnniiisenanidinignitina deste ' 
800 WELLINGTON AVE. > CRANSTON 10, Re bo Qo City nsnvvsvnnneneenenennnnnnnnnn NR cocemetinnnns 
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MAKE FAST WORK OF LIGHT-GAGE METALS with 
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The combination of HELIARC welding’s efficient argon 
gas shielding, localized arc heat, and wide range of 


easy-to-operate apparatus, is simplifying and speeding 





light-gage metal fabrication throughout industry. These 
modern aluminum chairs are typical of the many parts 
now fabricated faster and more efficiently than ever 


before—using HELIARC welding. 


designed to meet needs... 


Heviarc welding makes all types of joints on all 
commercially fabricated metals — at speeds up 
to 100 inches per 
minute. Manual, 
semi-automatic, and 
mechanized appara- Modern, lightweight aluminum 


chairs are HELIARC welded 


tus is easy to oper- 
in simple. cost saving operations. 


ate and maintain. 
Learn more about 


Heviarc welding — 
LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [IS§ New York 17, N.Y. 
Offices in Other Principal Cities 


In Canada: LINDE AIR PRODUCTS COMPANY 
Division of Union Carbide Canada Limited, Toronto 


the most efficient 
process for a wide 
range of light-gage 
metal fabricating 
jobs. Contact your 
local LINDE repre- 
sentative today. 


The terms “Linde” and “Heliarc’’ are registered trade-marks of Unio 
Carbide and Carbon Corporation. 






For more information, turn to Reader Service Card, Circle No. 584 


244 ¢ MATERIALS & METHODS 






Radioactive cobalt 60, used in radiation experiments, glows in underwater 
shield. Aluminum housing (upper left) holds cobalt during irradiation. 


Radiation Laboratory May Lead 
to Improved Rubber Products 


@ A new laboratory especially de- 
signed for the exploration and de- 
velopment of rubber products that 
will perform satisfactorily in a 
radiation environment has been 
constructed by Goodyear Tire and 
Rubber Co. 

Claimed to be the first of its 
kind in the rubber industry, the 


fully-equipped radiation labora- 
tory will be used for such things 
as developing radiation resistant 
airplane tires for atomic powered 
aircraft; initiating synthesis poly- 
merization and vulcanization of 
rubber; and improving physical 
properties of plastics and resins. 

In pointing out the various 


Rubber tire is inspected following 
exposure to intense gamma radiation. 


ways in which the laboratory may 
benefit rubber research, Dr. R. P. 
Dinsmore, vice president in 
charge of Goodyear’s research and 
development, suggests the possi- 
bility of commercially vulcanizing 
rubber without adding sulfur or 
other chemicals, and without rais- 
ing temperature. Also, it may be 
possible to add monomers to a 
polymer already formed, endowing 
a rubber with selective, advan- 
tageous properties, such as re- 
sistance to certain types of sol- 
vents, low permeability to various 
gases, or lubrication, resulting in 
less internal friction and low heat 
generation from flexing. 

The laboratory is a ground floor 
structure measuring 42 x 24 ft. 
Inside is a heavily shielded area 
known as the “cave,” in which 
radioactive cobalt 60 is housed. 
An adjoining, well equipped 
physics and chemistry laboratory 
is used for the preparation of 
materials and test specimens and 
for the evaluation of results and 
products of irradiation experi- 
ments. 

(more News on p 246) 


MARCH, 1957 ¢ 245 





246 


SPENCER 


CYELOPTIC 


Completely new series of 


STEREOSCOPIC MICROSCOPES 


Outstanding 

Features 

@ True three 
dimensional image 

e Long working 
distance 

e Reversible, 


inclined body 
e Large field of view 
e Durable EPOXY 
finish 
e Top quality optics 
@ Broad selection 
of models 


e LOW PRICE 


\merican 
Optical 


MAGNI-CHANGER 


Desired magnifications simply 
““dialed-in” by rotation of cali- 
brated cylinder. 


Why not make this the week for you to discover 
that the new CYCLOPTIC series offers you the 


exact model to meet your very need. 
Get the whole AO CYCLOPTIC story .. . request literature today. 


NEW Dept. 0134 


Gentlemen: 
BROCHURE Rush new CYCLOPTIC brochure, SB56 
JUST OFF THE 
PRESS... 
WRITE FOR 
YOUR COPY 


EER. Sl) RST ae ee eee 


Ps lind ctrciicbiniidaichaniihtaniadnicascosivinichaguetndinbegintiell 
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Punch Cards Control 
Steel Rolling Mill 


What is believed to be 
world’s first punch card-controll: 
steel mill is now turning out to 
of metal daily at the Brackenrid¢, 
Works of Allegheny Ludlum Stee! 
Corp. 

The control system, develop: 
by General Electric Co., uses cards 
with certain areas punched out. 
These holes indicate the number 
of passes, the speed of rolling, and 
the sequence and amount of slab 
reduction. Because the rolling 
operation is performed the sani 
each time, as predetermined 
rolling experts, there is greater 
control of the quality of the stee! 
The rolled material is always 
uniform size; and the steel from 
day to day has better, more con- 
stant physical properties. 

The cards are given as many as 
15 programmed passes and pro- 
vide accuracies of about 1/100 of 
an inch. Six possible speeds ar 
predetermined and recorded 01 
the card. The mill has a maximum 
opening of 9.99 in. with a to] 
screw-down speed of 40 in. per min. 

A number of other mill applica- 
tions for new and improved elec- 
tronic techniques are also being 
studied by Allegheny Ludlum. 


ASTE Meeting 
Features Nonmetallics 


Latest developments in plastics 
and ceramic tooling will share the 
technical program spotlight when 
the American Society of Tool En- 
gineers conducts its Silver Anni- 
versary Program this month in 
Houston, Tex. 

The plastics tooling symposium, 
co-sponsored by the Society of the 
Plastics Industry, will present the 
“most complete report yet com- 
piled on the subject.”’ Papers will 
deal with the history of plastics 
tooling, properties of plastics with 
respect to temperature changes, 














(More complete corrosion of anodes 
by using the HARSHAW ANOCAP 






















The Harshaw Anocap is a rubber electrode assembly a Ae 
—_ protector. Easily slipped over the anode hook and down ne ; y 
* over the anode top, the Anocap enables you to corrode a 


an additional 2 to 4 pounds of metal from each anode. 





“7 1. 
ALC] 


tee}. 


rom 


con- 














yas 
pro- 
QO of ‘ 
bei Many more time and 
ca money-saving benefits hs 
tens are yours in the inex- LS 
to} pensive Harshaw Anocap: 3 
min. Pi 
nad 1. More usable metal—less recasting or scrap loss. fF 
PIeC- it 
as 2. Shorter stub—easily placed directly into anode saver basket and i 
consumed. ; 
3. Anode hook protected, thus giving it longer life. 
4. With Anocap in place on hook, anode can easily be screwed on ' 
or removed from hook. 
Ss ‘ ° 
5. Anocap pays for itself during first use. 
era 6. Entire anode can be below solution level. Shorter anodes can be 
. the , ‘ 
vyhen used and thus a larger quantity of anodes can be obtained from 
En- any given poundage of anode metal. 
nni- 7. When using Anocaps, solution level of bath is not critical. 
— 8. Anocaps can be used with any standard oval anode. 
ium, You'll make new savings on anodes tomorrow if 
oe you order Harshaw Anocaps today. Send or call 
, the ; . 
ce. in your order to the nearest Harshaw sales office. 
will 
stics THE HARSHAW CHEMICAL COMPANY 
with 1945 East 97th Street + Cleveland 6, Ohio 
wes Chicago 32, Ill. + Cincinnati 13, Ohio + Cleveland 6, Ohio « Houston 11, Texas * Los Angeles 22, Calif. 


Detroit 28, Mich. * Philadelphia 48, Penna. «+ Pittsburgh 22, Penna. * Hastings-On-Hudson 6, N. Y. 
For more information, turn to Reader Service Card, Circle No. 465 
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How about 


Typical examples of 
malleable castings 
that barely tip the scales, 


hal 





A Pearlitic Malleable 
gear cover for use 

in 15 ton mine 
locomotive. 


Weight 111 Ibs. 


Many design problems—including even 
heavier parts—can be solved with 
malleable iron when you understand its 
widely versatile possibilities. Call a malleable 
foundry for information and suggestions, 
or write to the Malleable Founders’ Society. 


1800 Union Commerce Building Cleveland 14, Ohio 
For more information, turn to Reader Service Card, Circle No. 481 
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hardness, advantages and disa 
vantages of plastics tools and thei 
effect on tooling expense. 

The ceramic tooling symposiun 
co-sponsored by Massachusetts Ih 
stitute of Technology, Ohio State 
University, and Warner and 
Swasey Corp., will cover latest re- 
search developments on ceramic 
cutting tools and attempts to 
adapt this new material to produc. 
tion problems. Papers will deal 
with resistance to softening under 
high temperatures, hardness, ease 
of forming, low coefficient of fric- 
tion and low-cost availability. 


Materials a Problem 
in Heavy Equipment 


The trend toward heavier equip- 
ment puts an increasing burden 
on the designer responsible for 
materials selection, according to 
Lloyd E. Webb, chief metallurg- 
ist, Clark Equipment Co. 

“The trend in materials han- 
dling and construction machinery 
design is definitely toward larger, 
more rugged machines,” Mr. 
Webb said in a recent interview. 
“While this may be a boon for 
purchasers of equipment, it is 
bringing about a serious problem 
for designers and suppliers of 
materials. 

“Limitations due to inadequate 
materials or lack of availability,” 
he said, “restrict the freedom of 
the designer. Requirements for 
greater strength, power and load 
carrying capacity are necessitat- 
ing use of some of the more re- 
cently developed materials, such 
as ductile iron and high strength 
steels. Consequently, the suppliers 
are being pushed for more and 
more information and _ develop- 
ment work on these new engi- 
neering metals.” 

Although most of the major 
problems in design of heavy duty 
materials handling equipment 
seem to be well under control, Mr. 
Webb says, “a continuing re- 
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To help you meet rigid 


production specifications... 








Sylvania 
99.5% Pure 
MOLYBDENUM 
PELLETS 


for Super 
Nickel, Chromium, 
and Cobalt-base Alloys 





Now, for manufacturers of high creep strength alloys 

or high-temperature super alloys, Sylvania offers 
hydrogen reduced and fully sintered molybdenum pellets 
to help meet the most exacting alloy specifications. 


Sylvania Molybdenum Pellets are designed specifically 
for use in vacuum melting operations. They provide 
a readily available source of molybdenum having a 
purity of at least 99.5%—typical purity is 99.85%. 

This constant high purity simplifies the calculation 

of additions to each melt as the usual variations of 
purity and gas content are eliminated. By maintaining 
a high density, the gas content of the pellets is 

kept well below that acceptable for vacuum melting. 
In addition, the compact uniform size of the pellets 
(1” in diameter by 1%" high) facilitates weighing and 
charging to the melt. 

When you use Sylvania Molybdenum Pellets, you 
benefit in other ways, too. Their continuous availability 
means you can plan your production schedules on a 
long range basis. Further, their pricing stability 
permits you to price your own product without having 
to worry about fluctuating raw materials costs. 


Your Sylvania sales engineer will be glad to discuss 
your molybdenum requirements or the high-purity 
tungsten available in sintered ingot form for vacuum 
melting. For further information, write to: 


SYLVANIA ELEcTRIC PrRopucts INc. 
Tungsten and Chemical Division, Towanda, Penna. 
TUNGSTEN . MOLYBDENUM . CHEMICALS 
PHOSPHORS . SEMICONDUCTORS 


¥ SYLVANIA 


Lighting + Radio + Extediiouics +» Television + Atomic: Energy 


For more information, turn to Reader Service Card, Circle No. 408 
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PAYS FOR ITSELF IN SAVINGS 


¢ ELIMINATES DISADVANTAGES OF 
MANUAL PRE-WEIGHING ... INCOMPLETE OR 
FROTHY MIXING ... PRODUCT LOSS ... INTER- 
RUPTED PRODUCTION . . . MANUAL POURING 






































IDEALLY SUITED FOR 
PRODUCTION OR LABORATORY 


wphROMa, 


TRIPLEMATIC 


Ts TRADE MARK 
TE ye? 
5+ mixes ** 


MIXING-METERING = ~~~ 
PUMP FOR TWO-PART 
POURABLE EPOXY RESINS 


CHOOSE FROM 8 MODELS-POTTINGe@ CASTING 
Can Be Modified To Meet Many Other Requirements 





SIMPLE ° Easy to operate and calibrate. * Easy flushing 
and charging—40 seconds. * Single control adjustable 
volume. Eight models with volumes from 0.3 ml to 
20 mi per shot. 


FLEXIBLE * Adjustable ratio, with 40 parts per hundred 
resin span adjustment. Various models cover range from 
| to 100 parts curing agent per hundred parts resin. * Up 
to 100,000 centipoises viscosity of resin, and 60,000 centi- 
poises viscosity of curing agent. * Down to 300 centipoises 
viscosity of resin and 0.5 centipoises viscosity of curing 
agent. * Individual shots for manual or automatic filling. 


ECONOMICAL ° Sharp cut-off after each shot. ° Cuts 
down rejects—Eliminates production delays and wasted 
labor. Saves material. 


SAFE * MINIMIZES EXPOSURE WHEN HANDLING 
TOXIC MATERIALS. 


PRICED FROM $1985 
CALL OR WRITE FOR COMPLETE DETAILS 


H. V. HARDMAN CO. INC. 


BELLEVILLE 9, N. J. PLYMOUTH 9-1242 

































































Since 1906 . . . Formulating Dependable Potting Compounds 
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search for higher strength met 

. must go on. Realistic thi 
ing on the part of the designer. 
materials engineer, supplier, and 
manufacturing and _ purchasing 
people will enable us to build to 
morrow the machines that will do 
more work faster at less cost.” 


Metal Congress 
Meets This Month 


Western sections of 36 promi- 
nent technical societies are co- 
operating with the American So- 
ciety for Metals in sponsoring the 
10th Western Metal Congress and 
Exposition, to be held Mar 25-29 
in Los Angeles. 

Papers covering outstanding de- 
velopments in production of air- 
craft, missiles and electronics will 
be presented by American Society 
for Metals, American Welding So- 
ciety, Society for Nondestructive 
Testing and the metals branch of 
American Institute of Mining, 
Metallurgical and Petroleum En- 
gineers. 

Following is a list of sessions 
scheduled: 

ASM sessions—Titanium; air- 
craft and missile alloys for ther- 
mal flight; metals and metallurgy 
in electronics; special forming 
techniques; advanced machining 
methods of metal removal; short 
time elevated temperature testing 
of materials for the missile and 
rocket program; and _ corrosion 
and metal protection for the petro- 
leum and chemical industries. 

AWS _ sessions — Ultra-high 
strength weld metal for aircraft 
fabrication; an evaluation of filler 
materials for use on high strength 
low alloy steels; weldability of 
high temperature alloys; and high 
temperature silver brazing. 

SNDT sessions — Nondestruc- 
tive testing for the aircraft indus- 
tries; nondestructive testing with 
isotopes; radiography and fluores- 
cent penetrants; nondestructive 
testing in the nuclear energy field; 
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41 Speedomax® H Controllers 


Reduce Overshoot... Speed Recovery 





Here are only some of the creep rupture ma- 
chines and Speedomax controllers at Wyman- 
Gordon, Worcester, Mass. To meet government 
specs for jet plane forgings made of titanium and 
special alloy steels, Wyman-Gordon has installed 
2 banks of creep rupture testing furnaces with 
space-saving Speedomax H proportioning control. 
This combination assures them of quality control 
on a production basis . . . permits them to turn 
out part after part which will meet the stresses 
induced in jet propelled aircraft. 


To keep production moving, Speedomax H 
D.A.T. control enables operators to bring furnaces 
up to temperature in minimum time. Rate of ap- 
proach, in most cases, eliminates overshoot .. . 
speeds recovery time’ after sample change. By 
continuously regulating heat input in proportion 
to furnace needs,: this Speedomax H control holds 





on Creep Rupture Machines 


temperature of furnaces within +2 F and in addi- 
tion, eliminates the need for manually readjusting 
auto transformers. 


Additional instrumentation includes four mul- 
tiple-point Speedomax G recorders for each bank 
of furnaces, and 80-point and 76-point Model 
D Speedomax G indicators for checking furnace 
temperatures at any time from a central location. 


Why not investigate Speedomax H when in- 
stalling your next heat treating fuirnace—whether 
it’s electric or fuel-fired, continudys or batch. A 
phone call or letter to your nearest L&N office 
—or to 4925 Stenton Ave., Phila. 44, Pa.—will 


bring you more information. . 


LEEDS .. NORTHRUP 


Instryments Automatic Controls « Furnaces 


& Ee 
Beat 


For more information, turn to’ Reader Sérvice’Card, Circle No. 459 °° - ° 
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take another look...at 
plastic molding deliveries 


(1) Production schedules based on realistic appraisals of capacity. 
(2) Presses and personnel experienced in keeping out of trouble. (3) 
Standby utilities to insure that presses stay running. (4) Specialization in 
one field of plastic molding. (5) Our own tool facilities with the people 
and equipment to build molds right the first time, and keep them that way. 


These are the safeguards that make Kurz-Kasch delivery promises as 
reliable as you can get. Take the part shown above. 


It meets a rather tight set of dimensional, physical, and electrical 
specifications, and it was shipped on a schedule that made the customer 
as happy as the performance of the part itself. 


For a quote you can depend on... call Kurz-Kasch. 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 





SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal., Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 


For more information, turn to Reader Service Card, Circle No. 456 
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and nondestructive 
quality control. 

AIME sessions — Metallurgica} 
problems in fabrication of hich 
temperature air frames; perform- 
ance of materials at elevated tem- 
perature for aircraft and missile 
applications; role of molybdenum 
in tomorrow’s missiles; aluminum 
alloys for elevated temperature 
service; magnesium alloys for air- 
frames. 

Running concurrently with the 
above sessions will be a five day 
Titanium Conference presented by 
ASM’s Metals Engineering Insti- 
tute. Topics, among many others, 
include: titanium bolts; blanking 
and sheet metal forming; single 
point cutting; and Chemmilling. 


gaging 


SPI Holds Annual 
Plastics Conference 


“The Dynamic World of Plas- 
tics” is the theme of the annual 
National Plastics Conference be- 
ing held this month in Los An- 
geles. 

Sponsored by the Society of the 
Plastics Industry, Inc., and held 
in conjunction with the West 
Coast Plastics Exposition, the 
four day conference is directed at 
four important segments of west- 
ern industry: aviation,  elec- 
tronics, packaging, and building 
and construction. Materials to be 
discussed include reinforced plas- 
tics, polystyrene foam, epoxies, 
linear polyethylenes, cellulosics 
and nylon. The conference runs 
from Mar 18 through 21. 


Design Engineers 
To Meet in May 


The second annual Design En- 
gineering Conference, sponsored 
by the Machine Design Division 
of the American Society of Me- 
chanical Engineers and held in 
conjunction with the Design Engi- 
neering Show, is unique in that it 
is the only conference devoted 
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REM-CRU C-130AM titanium 
alloy forgings, produced by 
the Steel Improvement & Forge 
Co., Cleveland, Ohio. 





Sales Offices: 6033 Bandini Boulevard, Los Angeles, California 








Now—design with 


REM-CRU TITANIUM 


























for corrosion resistance—high strength—light weight 


Parts of REM-CRU titanium, like the forg- 
ings illustrated, have light weight and high 
strength, plus exceptional resistance to most 
forms of corrosion. These forgings are de- 
signed to withstand very rugged service in- 
volving impact shock, vibration and stress. 

REM-CRU titanium can be machined, 
formed from sheet, and welded —it is a prac- 
tical metal for an unlimited number of appli- 
cations. Condenser and heat exchanger units, 





REM-CRU 








TITANIUM 


MIDLAND, PENNSYLVANIA 









Fer more information, turn to Reader Service Card, Circle No. 553 


evaporators, autoclaves, tubing, valves and fit- 
tings, for example, can all be profitably made 
of titanium. 

The advantages of REM-CRU titanium are 
so superior, you just can’t afford to overlook 
them when designing new products. For down- 
to-earth suggestions on how to make the most 
profitable use of titanium, call a REM-CRU 
engineer now. 


Write Dept. M-3 for the Rem-Cru Review—a free 
periodical presenting the latest data on titanium. 


World's Most Versatile Metal 


4501 W. Cortland Street, Chicago 39, Illinois + 405 Lexington Avenue, New York 17, N. Y. 
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here’s what DIE CAST. 


(; a ( ZINC ALLOY 
THREADED 
4 AS ; been prepared by the editors of 
the four leading design publica- 


‘a lean tO OU : Me. | tions (see M&M, Feb ’57, p 247). 
y 8 8 - ae f = | To be held in New York City 















the 
neer’s needs. A program aimed 
covering most of the mechani 
materials and electrical aspects 
involved in product design has 


exclusively to design e! 























May 20-23, the combined show and 
| conference is expected to attract 
20,000 engineers and executives. 

One of the highlights of the 
conference will be two sessions 
devoted to engineering materials. 
Tentatively entitled “New De- 


in terms of a better product... in 
terms of a more economical product! 


Gries' unique techniques make possible 
closer tolerances, cleaner threads, greater 
dependability, durability, die-cast uniform- 
ity. Mass production means lower costs! 


NEW BULLETIN AVAILABLE © 
Fact-packed—shows how Gries _in- 
genuity and money-saving method 
can solve your fastenings probierns. 
Send today for your copy, prices and 
samples. 


































See GRC in L.A.! a 
Western Metals Show. Booth 617 
cy di tw dj fe) lila 4: mae) World’s 
. Foremost | 
153 Beechwood Ave. * New Rochelle, N. Y. “aa” | 
Phone NEw Rochelle 3-8600 Die Castings | 
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F compression springs are Vv high Stren : 
| . gth WV res . 
hardened after forming Sd high conductivity steblins . visser aal 
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—~ for many applications han compression springs are the ideal : reactor, complete facilities for peace- 
eters — relays — motor PSA aging eve — instruments time nuclear energy studies are now 
— Switches and man available to industry. The reactor, 
Y others 


Engineer's Assortment part of Battelle’s privately owned 


nuclear research center, will be used, 
among other things, for the improve- 
ment and development of chemical, 
glass, plastics, ceramic and metallic 
products and processes. 

The reactor uses solid uranium- 
235 fuel. The core, composed of fuel 
elements and boron control rods, is 
suspended 22 ft below the surface 
in a large pool of highly purified 
water. The water serves as a cool- 
ant and as a shield against radi 
ation. The reactor is expected t 
operate six days a week, 24hra day. 


e006 100 Micro-Proce , 
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NOW! ICE CUBES 
MADE automatically! 


Combined molding of thermoplastic and 





A unique phenolic part with a nylon bear- 
ing insert helps the Servel ‘‘Ice-Maker” 
make ice in a new way and in a new shape. 











thermoset materials helps assure trouble-free operation 


If your next refrigerator is a Servel Icemagic, you'll find 
it solves the problems of ice-tray handling. It eliminates 
the tray—makes tumbler-round ice“cubes’ automatically. 


Part of the story behind this revolutionary development 
is a unique plastic part. It’s made of phenolic—mostly, 
that is. However a small nylon bearing has been molded 
into the phenolic part. As a result, this self-lubricating 
nylon bearing allows the ice ejector arm to rotate freely 
... eliminates oil and any chance of ice contamination. 


This was quite a trick... combining nylon and a pheno- 
lic. One’s a thermoplastic; the other’s a thermosetting 
plastic that requires molding heat that will normally 
soften a thermoplastic. To make a molding from both 
materials was like putting oil and water together. How- 


ever, by selecting special formulations, and molding 
under mechanically contrived temperatures and con- 
ditions, Chicago Molded did the trick. 


Whatever your new product needs, youll find it pays 
to call in Chicago Molded. CMPC engineers know 
plastics, and they know how to help you make your 
product more saleable, yet less costly. 











For more information, turn to Reader Service Card, Circle No. 421 


If you are interested in new plastic developments, let us send 
you a complimentary subscription to Plastics Progress. No 
obligation, of course. 











CHICAGO MOLDED PRODUCTS CORPORATION 
1026 North Kolmar Avenue, Chicago 51, Illinois 
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TOUGH y resistant to chemicals, 
corrosion and abrasion, light in weight 


GAHAN 


Champion of CHEMICAL RESISTANT MATERIALS 
Fabricated By PYRAMID* 


*licensee of Dow Chemical Co. 



































































STOCK ITEMS 
Nipples and 





SARAN MOLDED PIPE 
Easy to use—can be cut with ordi- 
nary saw—threaded with standard 
pipe tools. Available IPS sizes 
Yo" to 6”. SARAN PIPE NIPPLES 
AND FITTINGS — light weight, 
strong, threaded for easy assembly. 
Standard sizes from Y%" to 2”. 


SARAN TUBING 


High bursting strengths, flexible, easy to handle. Resilient—will with- 
stand rough usage under repeated vibration. Corrosive Resistant. 
SARAN TUBE FITTINGS—designed for high working pressures. Avail- 
able from 4" to %". 


Write for new Pyramid bulletin—or send details for quotation. 


PYRAMID PLASTICS, INC. 


554 F West Polk Street ° 


Saran Pipe, 
Fittings 


Saran Tubing, Tube Fittings 








Saran Sheets 


Saran Rods 











Chicago 7, Illinois 








Proof ... Armorhide outwears other coatings 









Armorhide 





New metal coating looks like leather and 





is ten times more abrasion resistant. 






—colored, textured, and tough! 





As demonstrated above, Armorhide is with- 








out equal in respect to abrasion resistance 
and general teughness of its film. Armor- 
hide on a mil for mil basis will outwear 
conventional baked enamels by unbelievable 
margins. For example, Armorhide is ten 
times better than a wrinkle finish in abra- 
sion resistance. The Taber Factor for Ar- 
morhide is 35 with c. s. 10 wheel for 1000 
cycles. This figure compares favorably with 
the abrasion resistance of laminated vinyl 


REF 


Write today for free booklet and sample panel. 


For more infermation, turn to Reader Service Card, Circle No. 541 
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film similar to producis put out by the 
various rubber companies. Tests have been 
conducted for several years on products 
finished with Armorhide. The results of 
these field tests conclusively showed that 
Armorhide is superior in every respect to 
the highest quality baked enamels; so 
superior in fact that it could be compared 
only with the expensive vinyl and leather 
laminated on metal. 


om re) 





















velopments in Engineering Ma. 
terials,” these sessions will include 
the following papers: 

May 21—Metallic Materials, ¢ 
R. Simcoe, Metallurgical Engi. 
neer, Dept. of Metallurgy, Battelle 
Memorial Institute; Ceramics ang 
Refractory Materials, John HH. 
Koenig, Director, School of Cera- 
mics, Rutgers University. 

May 22—Plastics and Rubber 
Materials, Wyman Goss, Manager- 
Phenolics Engineering, Chemica] 
Materials Dept., General Electric 
Co.; Coatings and Finishes, H. J. 
Reindl, Supervisor, Paint Section. 
Engineering Laboratory, Inland 
Mfg. Div., General Motors Corp. 

Other sessions will cover design 
and application of gears and 
cams; selection of motors; and 
design of machines for automatic 
control. (See April and May issues 
of M&M for complete program, 
list of exhibitors and details of 
registration. ) 


Foreign Materials 
Featured at Trade Fair 


Imported steel, aluminum, cop- 
per, brass and rare metals, as well 
as plastics, chemicals, rubber, 
petroleum products and other raw 
materials, will be featured in a 
special section of the United 
States World Trade Fair to be 
held in the New York Coliseum, 
Apr 14-27. 

Approximately 3000 exhibitors 
from 71 foreign nations are ex- 
pected to participate in the exposi- 
tion. Other areas of interest in- 
clude textiles, glassware, ceramics, 
building equipment and supplies, 
tools and electrical equipment. 









Electrical Insulation 
Coming in April 
An authoritative 16-page sur- 
vey of materials used for elec- 


trical insulation, with exten- 
sive data to aid in selection. 
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Designed for the cotton industry, 
this new hydraulic press permits 
an operational economy which has 
been called “‘one of the most im- 
moves in the’ industry 

Whitney invented the 


portant 
Eli 
cotton gin.” 

This press produces high density 
bales at the cotton gin, eliminating 
the need for extra compression of 
standard density bales before export 
shipment. Cotton bales from this 
press measure only 21” x 23” x 54”. 
The first cotton baling press of 
it operates at a hydraulic 
pressure of 2,000 psi, and exerts a 
of 1,650,000 pounds. 

nain 


since 


its size, 


force 


of 


total 
Both 
inders were 
Acipco steel tubes. 
they 
Acipco steel tubes possess a 
highly 
grain 


its hydraulic cyl 


made from 23” OD 


Because are centrifugally 
spun, 
non-direc- 
which is 
yet stronger and 
tougher. This quality, and others, 
can mean important economies in 
your application — both for you, 
and for your customer. Find out 
how by calling or writing your 
nearest Acipco distributor today. 


uniform, dense, 


tional structure 


easier to machine, 


SIZE RANGE: Lengths up to 16’ — longer 
lengths by welding tubes together. OD’'s 
from 2.25” to 50”; wall thicknesses from 
25” to 4/’, 

ANALYSES: All alloy grades in steel and 
cast iron, including heat and corrosion 
resistant stainless steels; plain carbon 
grades and special non-standard analyses. 
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) Special Products Division 
Z,BIRMINGHAM 2, ALABAMA 







SPUN 


Gin Company of Birmingham, Ala. for a California cotton 


DIST 


Austin-Hastings Co., Inc 
226 Binney St. 
Cambridge 42, Mass. 


Peter A. Frasse and Co., Inc. 
17 Grand St. 
New York 13, N.Y. 


Lyman Tube & Bearings, Ltd. 
920 Ste. Sophie Lane 
Montreal 3, Canada 


Vinson Steel & Aluminum Co. 


4606 Singleton Blvd. 
Dallas 7, Texas 


For more information, turn to Reader Service Card, Circle No. 427 


Vewsatile 
ACIPCO 


CENTRIFUGALLY 


“Delta’’ High Density Press, manufactured by Continental 


gin. Photo courtesy Continental Gin Company. 





Steel Tubes 





















































RIBUTORS 


J. M. Tull Metal & ory Co. 
285 Marietta St., N. W. 
Atlanta, Ga. 


C. A. Roberts Company 
2401 Twenty-fifth Avenue 
Franklin Park, Ill. 


Strong, Carlisle & Hammond Co. 
1392 W. Third St. 
Cleveland 13, Ohio 
Ducommun Metals & Supply Co. 
4890 So. Alameda St. 
Los Angeles 54, Calif. 
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IT comes from a long line of cyaniding 
baskets that were blue ribbon winners, until today 
Stanwood’s are the “best of the breed.” Stanwood has 
just the basket to efficiently and economically handle 
your parts through heat treating—every design based 
on long experience and skilled fabrication methods— 
hundreds of designs. If we don’t have it, Stanwood 
engineers will design a basket specially for you. Write 
for catalog. 

Theres +¢ Stanwood Representative Near You! 


RETORTS CARBURIZING 


BOXES 


BASKETS TRAYS FIXTURES 








4813W. CORTLAND ST. 





processes give you 
¢ tremendous savings 
© high production 
¢ uniformity of finish 





Savings on deburring, descaling, grinding, polishing, coloring and 
surface improvement by Roto-Finish barrel finishing processes are 
tremendous. Expensive hand finishing can be eliminated. 


Results Guaranteed ! Send samples of finished and unfinished parts 
to Roto-Finish. Roto-Finish Sample Processing Laboratories will prove to 
you — before you buy — that Roto-Finishing will give you the results you 
want. Furthermore, Roto-Finish guarantees to produce the same 
results in your plant that are achieved in sample processing. 


Let Us Help You with Your Problems 


K276-Fincdhe, (OM PANY 


Phone FI 3-5578 
3726 Milham Rd., Kalamazoo, Mich. 








For more information, turn to Reader Service Card, Circle No. 548 
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Engineers 





R. J. Sullivan is now directo 
quality control, Vickers, Inc. 


Don O. Noel has been appointed 
sistant to the president of Metals 
Disintegrating Co., Ine. 


Charles E. Knox has been appointed 
manager of the newly created Pro- 
cess Engineering and Production 
Control Dept., Spring Div., Crucible 
Steel Co. of America. 


Edward H. Perkins, Jr., has been 
elected vice president, Brooks & 
Perkins Inc. 


Clayton DuBosque, Jr., has been ap- 
pointed assistant to the executive 
vice president, American Machine & 
Foundry Co. 


B. R. Teree has been appointed chief 
engineer, Greer Hydraulics, Inc. 


William F. Cramer has been pro- 
moted to senior engineer, Armour 
Research Foundation, Illinois Insti- 
tute of Technology. 


S. D. Hackley has been appointed 
vice president, Kaiser Industries 
Corp. 


Donald R. Grandy has been appointed 
engineering and technical consultant, 
Cleveland Div., Lindberg Engineer- 
ing Co. 


T. S. Pacer, E. B. Smiley and G. P. 
Sullivan have been named vice presi- 
dents, Illinois Gear & Machine Co. 


Bernard S. Reckseit has been ap- 
pointed chief engineer, Ransohoff 
Inc. 


Robert E. Buckholdt is now manager 
of engineering, Selas Corp. of Amer- 
ica. He was formerly vice president, 
Kendall Contracting, Inc. 


R. J. Medkeff is chief engineer and 
William Melas, consulting engineer 
of Penn Instruments Div., Burgess- 
Manning Co. 


Edward J. Mytkowicz has been ap- 
pointed manager of operations, 
Hewitt-Robins, Inc. 


H. F. Robertson is now manager- 
technical planning, Bakelite Co., 4 
Div. of Union Carbide and Carbon 
Corp. He will be concerned with the 










Pr 





our 


sti- 


ited 


ries 


ited 
ant, 
pey- 


P 
esl- 


Co. 


ap- 


10ff 


wer 
ner- 
lent, 


and 
neer 


rESS- 
ress 


ap- 
ions, 


iger- 
0., a 
irbon 
n the 


— 


aa 
is 


+32 


ce =o! 171% jS5 


Successful Aircomatic welding and Heliwelding (where filler 
metal is required) depend on using the correct wire. Airco 
can supply the widest variety of wire types and diameters — 
all specifically designed for use with these inert gas shielded 
welding processes. All Aircomatic wires meet rigidly con- 
trolled specifications as to chemical analysis, surface finish, 
purity, cast and packaging. 
Pure... properly cast... level wound 

Aircomatic Aluminum Welding Wires. New Type A finish 
available for all high-quality work where X-ray standards 
must be maintained . . . scrupulously clean . . . bright finish 
... properly wound . . . smooth surface assures trouble-free 
teeding. 


Aircomatic Stainless Steel Welding Wires . excellent 


welds 


.Geexe 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND... . 


THE WIDEST SELECTION OF AIRCOMATIC WIRE 


for any kind of inert gas welding 


corrosion resistance . . . good tensile, ductility and impact 
properties . . . use to weld ordinary joints, apply stainless 
linings, build-up stainless overlays and join stainless overlays 
and join stainless clad materials. 

Aircomatic Copper and Copper Base Alloy Welding 
Wires. Use to assemble copper bus bars. . 
or bronze vats 
valve parts... 


. fabricate copper 
. build-up worn propellers, piston and 

available in both solid and stranded types. 

Aircomatic Steel Welding Wires. Three grades available 
tor welding mild steel, armor plate and for overlays and 
welding hardenable steels. 

Nickel base, magnesium, and titanium wires are supplied 
as specials. Consult your nearest Airco Office or Authorized 
Airco Dealer for complete information. 


VISIT OUR 
BOOTH 334 © 


= APRIL 9-11, 1957 - PHILADELPHIA, PA. 


On the west coast — 
Air Reduction Pacific Company 








AiR REDUCTION SALES COMPANY Internationally — 
Airco Company International 
ae In Cuba — 
A division of Air Reduction Company, Incorporated Cuban Air Products Corporation 
® 150 East 42nd Street, New York 17, N. Y. In Canada — 
Offices and dealers in Air Reduction Canada Limited 
most principal cities 
Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 


carbon dioxide — gaseous, liquid, solid (‘‘DRY-ICE'') * OHIO — medical gases 
carbide © COLTON — polyvinyl acetate, alcohols, and other synthetic resins. 


and hospital equipment * NATIONAL CARBIDE — pipeline acetylene and calcium 


For more information, turn to Reader Service Card, Circle No. 501 
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Immediate delivery from 150,000,000 
standard items in Stainless, Monel, 
Aluminum, Brass, Bronze, Copper! 


Thousands of Harper corrosion-resistant fasten- 
ings are in Harper Distributor stocks across the 
country! Even more thousands are continually 
on hand at The H. M. Harper Company for your 
convenience! A phone call to your Harper Dis- 
tributor will do the trick! Why shop? Why wait? 
For immediate delivery, specialized service—call 
your Harper Distributor now! 


THE H. M. HARPER COMPANY 


820! LEHIGH AVENUE - MORTON GROVE, ILLINOIS 


HARPER 





PSA 
THOUSANDS O 10 20 30 40 S50 60 70 80 930 100 110 120 
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Irrefutable proof of Harper's greater metals’ strength shown by laboratory test! 


An important point in buying fastenings 
is strength. Independent laboratory 
tests*, utilizing Stainless Steel Machine 
Bolts by Harper and three other lead- 
ing producers, prove Harper superiority 
in Tensile, Shear, and Yield Strength. 
The chart at left shows the actual re- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


*By R. W. Hunt Laboratories 








The Harper infinity symbol, as 

shown above. and the name FLO-FORM 
are registered trade marks of 

The H. M. Harper Company. 











future and long range effort of the 
Research and Product Process Je. 
velopment groups. 


John R. Duffy has been appointed 
chief engineer, Lindberg Engineering 
Co. 


Dr. R. B. Corbett has been appointed 
director of metallurgy, Midvale- 
Heppenstall Co. 


Richard E. Dunning has been elected 
vice president in charge of manufac- 
turing, Logo, Inc. 


Charles Liechti has been appointed 
chief engineer, Technical Services, 
Eutectic Welding Alloys Corp. 


C. G. Stupp has retired as vice presi- 
dent of Barrett Div., Allied Chemical 
and Dye Corp. Dr. Maurice H. Bige- 
low will assume Mr. Stupp’s respon- 
sibilities. 

Leo J. Brancato has been appointed 
vice president, Heli-Coil Corp. He 
will continue to head the Engineer- 
ing Dept. 


Max C. Farmer has been appointed 
to the newly created position of 
technical director, Beryllium Corp. 


Comfort A. Adams, Harvard Pro- 
fessor Emeritus, has been awarded 
the 1956 Edison Medal by the Amer- 
ican Institute of Electrical Engi- 
neers. Prof. Adams is the oldest 
living past president of AIEE. 


Walter C. Chaffee has been named 
director of engineering and Lester B. 
Harrington chief engineer, Bennett 
Pump Div., John Wood Co. 


John P. Poth has joined Bullard Co. 
as director of engineering. 


Lyman A. Bliss succeeds Kenneth 
Rush as president of Union Carbide 
Nuclear Co. Mr. Rush will continue 
to have over-all responsibility for 
Union Carbide and Carbon Corp.’s 
nuclear and international activities 
as a corporation vice president. 


Carl A. Vill, formerly director of 
engineering, has assumed the duties 
of assistant to the vice president of 
Chemical Construction Corp., a sub- 
sidiary of Electric Bond and Share 
Co. 


Lesten V. Taylor has been named 
senior product engineer, Research 


€ For more information, Circle No. 467 
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an Development Dept., Crown Cork 


4 


& Seal Co., Inc. 


Alan R. Pearlman has joined Uni- 
versal Atomics Corp. as chief engi- 


neer. 
F. L. Griffith and F. W. Blanchard 
have been elected vice presidents of 


Hewitt-Robins, Inc. 


Paul M. Brister has been advanced 
to manager, Engineering Design 
Section of Babcock & Wilcox Co. 
William D. Stevens succeeds Brister 
as Engineering Dept. coordinator. 


Dr. Clarence Zener assumes the post 
of director, Westinghouse Research 
Laboratories, after five years as an 
associate director. 


Donald I. Bohn, designer, inventor 
and engineer in the electrical and 
power generation field, has retired 
from Aluminum Co. of America 
after more than 34 years of service. 


John P. Zur recently joined Sunbeam 
Corp. as a senior engineer with the 
Industrial Furnace Division. 


George F. Hodgson is assistant chief 
engineer, Doehler-Jarvis Div.; Na- 
tional Lead Co. 


Dr. Wilbert A. Taebel has been ap- 
pointed engineering manager, Lamps 
Parts Dept., Westinghouse Lamp 
Div. 


Dr. B. D. Thomas succeeds Dr. Clyde 
Williams as director of Battelle 
Memorial Institute; Dr. Williams 
continues as president of the Insti- 
tute. 


E. W. Fisher heads the new Product 


Engineering Dept., Garlock Packing 
Co. 


John E. Stockton has been appointed 
senior system and procedures analyst 
in the Organization and Methods 
Planning Dept. at Federal Telecom- 
munication Laboratories, Interna- 
tional Telephone and Telegraph Corp. 


Joseph H. Cadieux, former manager, 
Detroit Plant, Misco Precision Cast- 
ing Co., has been appointed vice 
president of manufacturing. Freeman 
M. Jones, former administrative man- 
ager, is now administrative vice 
president. 

(News of Companies on p 282) 
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SPECIAL PARTS? Harper’s exclusive Flo-Form 
Process solves these problems at big savings! 


There’s no part too tiny, too large, or too complex for 


Harper Flo-Form! This remarkable process could only 


be developed by Harper, with its wealth of thirty- 


three years’ experience in corrosion-resistant fastenings. 


Where others mill from: bar—Harper Flo-Form pro- 


duces by cold or hot forging under tremendous pres- 
sures. The results?—a better product, faster, at lower 


cost! Place your “special problem” in the hands of the 


Harper Flo-Form team of design engineers, metallur- 


gists, and tooling specialists. Write Harper, or call your 


nearby Harper Branch for Harper Application Engi- 


neering Service. Your problem is owr problem. 


THE H. M. HARPER COMPANY 


8201 





LEHIGH AVE., MORTON GROVE, ILLINOIS 


Meet Harper Application Engineer, 
LEON HAMLET 


Every day sees new special parts problems 
submitted to Mr. Leon Hamlet of the Harper 
Branch in Milwaukee. Mr. Hamlet in turn, 
works with the Harper Flo-Form Engineering 
Team to provide the right answer at the 
lowest possible cost. 
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Non-Toxic and Odorless AGILENE-F 
Gives Industry a New Corrosion 
and Chemical Resistant Engineer- 
ing Material. 


@ Exhibiting the same high chemical and 
corrosion resistance as conventional poly- 
ethylene, AGILENE-F can be processed 
and molded for literally dozens of indus- 
trial applications from simple gasketing 
to automotive applications. Available in 
semi-finished molded components as 





Write for detailed literature and prices. 


PNed] S 4, | 


> qot-Taleol-To Me rel laa) 
Polyethylene now 
fo] gelet 1-3-1 To Br-Valo. 
lsatedlol-leoMm comm Zelela 
specifications 


rings, blocks, sheet or rod, it can be 
molded to meet your specifications. 
AGILENE-F is available also in densities 
from 10 to 50 Ibs. per cubic foot, speci- 
fic gravity of .46 or .33, and tensile 
strength of 500 to psi. This material is 
unicellular, light weight, buoyant and 
has excellent compressibility, AGILENE-F 
can be worked with common wood or 
metalworking tools — sawed, drilled, 
machined, hot gas welded, friction and 
heat welded. 


AMERICAN AGILE Corp. 


5461 Dunham Rd. * Maple Heights (Suburb of Cleveland), Ohio 


MANNIE 


COMBUSTION TUBE ACCESSORIES... 
PROLONG TUBE LIFE—KEEP ANALYSIS FINDINGS CONSTANT 



















INSERT LINERS 


¢ Thin, porous walls for 
immediate heat  penetra- 
tion. Protect tube from 
metal spatter. No adverse 
effect on analysis. Cham- 
fer for easy boat insertion. 
Carefully inspected . . . 25 
to carton, 4 cartons to case. 
Inexpensive! 





ADAPTERS 


¢ Bushings for centering 
tube in standard 2” diame- 
ter furnace opening. 2” 
O.D. with 2-3/8” diameter 
by 1/4” thick flange. I.D. 
to fit tube. Prevent tube 
breakage due to vibration 
and centers tube in heat 
zone. 





MEDANEL 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 





For more information, turn to Reader Service Card, Circle No. 401 
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HEAT REFLECTORS 


¢ Assist in concentration 
of heat on sample in boat. 
Protect stopper from heat. 
Permit full gas flow. Pro- 
vide sliding fit in standard 
combustion tubes. Hose 
connection is 5/16” O.D. 
with 1/8” bore. 


Send for Bulletin 
C1-55 on Com- 
bustion Tubes 


and Accessories. 












Companies 





American Electronic Laboratories. 
Inc. has moved its main administra. 
tive offices to 121 North 7th St. 
Philadelphia, Pa. 


Air Reduction Sales Co. has acquired 
the assets and business of Jackson 
Products, Inc., a manufacturer of 
electric arc welding supplies. 


Standard Pressed Steel Co. is build- 
ing an addition to its Hollowell Stee] 
Shop Equipment Div. at Jenkintown, 
Pa. 


General Electric’s Metallurgical Prod- 
ucts Dept. has constructed a carbide 
metals shop at Kenilworth, N. J. 


Misco Fabricators, Inc., a division of 
Michigan Industries Co., has moved 
to Marysville, Mich., 45 miles north 
of its old Detroit location. 





Evans Research and Development 
Corp. has joined the American 
Council of Independent Laboratories, 
Inc. 





Arnold Magnetics Corp. has moved 
to new and larger quarters in Los 
Angeles. 





Surface Combustion Corp.’s Indus 
trial Divisions will add a new engi- 
neering building to their Toledo 
facilities to increase existing desig! 


capacity by 30%. 


American Hard Rubber Co. has pur- 
chased the capital stock of Electric 
Manufacturing Co. 


United States Rubber Co. has started 
work on a new building that will 
provide additional manufacturing, 
warehouse and office space for its 
power transmission belt plant in 
Philadelphia. 


McGraw Electric Co. has acquired 
the assets of Thomas A. Edison, Inc. 
The consolidated company will be 
known as McGraw-Edison Co. 


Frigikar Corp. has acquired and will 
operate the Reliance Engineering 
and Mfg. Corp. as a wholly owned 
subsidiary. 


Kaiser Aluminum & Chemical Corp. 
has purchased the wire and cable 
business of United States Rubber Co. 


Ryan Aeronautical Co. is construct- 
ing a new engineering and labora- 












See what adhesives are doing today! 


WHEN THIS MAN SQUEEZES THE TRIGGER, HE CUTS PRODUCTION COSTS. HIS SPRAY GUN IS LOADED WITH A MODERN ADHESIVE BY 3M. 


Shooting holes in production costs 


Every day this worker shoots holes 
in his company’s manufacturing costs. 
The 3M adhesive in his spray gun 
creates a structural sandwich that’s 
inexpensive, featherweight and strong. 
Naturally this adhesive is a favorite 
with the comptroller. 


3M adhesives like EC-1357 and EC- 
1177 bond a honeycomb paper core 


wWe= 


417 PIQUETTE AVE., DETROIT 2, MICH.e GENERAL SALES OFFICES: ST. PAUL 6. M 


Y makers oF “SCOTCH” BRAND PRESSURE-SENSITIVE TAPES . 


Me SHEETINGS 7 
ee 


"3M" ABRASIVE PAPER AND CLOTH a 


between thin metal skins. They pro- 
duce rigid, more durable units from 
such light materials because they’re 
tougher, more flexible. Many indus- 
tries benefit: building, furniture, air- 
craft, railroad equipment and others. 


These 3M adhesives are specially de- 
signed for this sandwich construction, 
thoroughly tested. They apply fast 


NN. @ EXPORT 


99 PARK AVE., N. Y. 16.N. Y.e CANADA: P.O. BOX 757 
“SCOTCH” BRAND SOUND-RECORDING TAPE - 


"3M" ADHESIVES AND COATINGS 


and easily, like the hundreds of varied 
3M adhesives for other uses. 


SEE WHAT ADHESIVES CAN DO FOR YOU! 


Consult 3M research. Contact your 
3M Field Engineer. Or for informa- 
tion and free literature write on 
your company letterhead to: | proouct oF 
3M, Dept. 83, 417 Piquette 3M 
Avenue, Detroit 2, Michigan. | researcx 


) ADHESIVES AND COATINGS DIVISION, MINNESOTA MINING AND MANUFACTURING COMPANY 


LONDON, ONT 


“SCOTCHLITE” BRAND REFLECTIVE 


° "3M" ROOFING GRANULES . "3M" CHEMICALS 


For more information, turn to Reader Service Card, Circle No. 449 


‘7 


MARCH, 1957 ° 











Long-time tests in the aviation and 
electrical appliance fields have proved 
that paint adhesion to surfaces treated 
with LUSTER-ON is superior to that 
found with other chromate conversion 
coatings. LUSTER-ON imparts a pas- 
sive surface which offers corrosion 
protection and best adhesive base for 
paint. 


LUSTER-ON MEANS ECONOMY 
On zinc or cadmium — use dilute con- 
centrations of LUSTER-ON utility 


liquids or /ow concentrations of 
LUSTER-ON 50 POWDER. 


On aluminum — use /ow concentra- 
tions of LUSTER-ON ALUMINUM 
SEALER. 


No current is required — no fumes to 
exhaust. 


LUSTER-ON proved formulas offer 
excellent operating control 


Superior treatment for zinc-base die 
castings, too! 





Data Sheets and Prices 
on Request. Send in part 
for free processing. 





West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd. 
Montreal 


For more information, Circle No. 469 











tories building next to its present 
main office building in San Diego. 


Bart-Messing Corp. and _ Sel-Rex 
Corp. have merged under the name 
Sel-Rex Corp. Plans call for the 
centralization of manufacturing and 
laboratory facilities. 


W. S. Shamban & Co. has enlarged 
its Culver City, Calif. plant and built 
a new plant in Fort Wayne, Ind. 


National Bureau of Standards has 
established a Dielectrics Section. The 
new unit, to conduct fundamental 
investigations on the dielectric prop- 
erties of matter, will be headed by 
Dr. John D. Hoffman. Specific areas 
of research will include polymeric 
systems; direct current conductivity 
of dielectrics; methods of increasing 
the accuracy of dielectric measure- 
ments on solids, especially at audio 
and lower frequencies; and funda- 
mental studies on molecular and 
ionic crystals. 


Societies 





American Society of Tool Engineers 
has elected James R. Weaver, West- 
inghouse Corp., as chairman of the 
Research Fund Committee. 


Investment Casting Institute, at its 
fourth annual meeting, presented 
awards to the following: Kenneth 
M. Bartlett, Horizons Inc.; Ted Oper- 
hall, Misco Precision Castings Co.; 
Dr. Nicholas J. Grant, Massachusetts 
Institute of Technology; Roger 
Waindle, Wai Met Alloys Co.; Ed- 
ward G. Chapman, Misco Precision 
Castings Co.; and Dr. Richard A. 
Flinn, University of Michigan. 


Society of Automotive Engineers has 
elected W. Paul Eddy, chief of engi- 
neering operations, Pratt & Whitney 
Aircraft Div., as president. 


Society of Plastics Engineers has 
elected the following national officers 
for 1957: president—Peter Simmons; 
vice president—Hi Nathan; secretary 
—Ken Gossett; treasurer—sules Lin- 
dau, III. 


American Die Casting Institute has 
announced that nominations for the 
annual Doehler Award should be 
submitted before April 15. The 
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Do You Buy 
Graphite 


Components? 


@ Do you know that a graphite 
material of construction is avail- 
able which is impermeable and 
unaffected by practically all cor- 
rosives at amy temperature... 
or that another carbon-graphite 
material possesses a hardness as 
great as that of glass? 


@ Both of these materials are ex- 
clusive developments of Graph- 
ite Specialties Corporation, a 
recognized leader in the pro- 
duction of special carbon and 
graphite components. 


@ In addition to these two out- 
standing materials, Graphite Spe- 
cialties Corporation regularly pro- 
duces components with specially 
required properties of density, 
purity, strength, permeability, chem- 
ical resistance and machining char- 
acteristics. 


@ Graphite Specialties Corporation 
components can be produced suffi- 
ciently pure for use as a moderator 
in atomic reactors, to provide ex- 
ceptionally low erosion rates in 
rocket nozzles—for use with 
chlorine at any temperature—as 
crucibles for transistor crystal 
growth—in difficult metallurgical 
and chemical applications, as well 
as for component parts for me- 
chanical equipment. 


@ Molding, extruding and machin- 
ing facilities are available for short 
runs or high production. 


@ Write today for information re- 
lating to your specific component 
requirements to Graphite Special- 
ties Corporation, 64th Street at 
Pine Avenue, Niagara Falls, New 
York. 
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PROBLEM: To produce precise tol- 
erances on this complicated jet igniter 
afterburner valve casting for Pratt & 
Whitney Aircraft. Previous method in- 
volved use of core mold and five cores. 
Core shifting was the main problem as 
off-symmetry pieces caused a serious 
and costly problem of machining. Trou- 
bles were further accentuated in that 
the alloy’ (a very brittle material) was 
non-repairable. With welding impossible 
and 100% X-Ray and Zyglo required, 
defects could not be tolerated. 


SHIFTING ELIMINATED 


in casting stainless steel jet afterburner components 


Cooper Alloy Advanced Casting Know-How Solves Alignment 
Problem, Cuts Machining Costs For Pratt & Whitney 


SOLUTION: (a) Development and 
use of 4 shell cores, all placed in one half 
of the mold and in an unmovable posi- 
tion, overcame problem of shifting and 
held close tolerances (Fig. 1). (b) Use 
of Shellcast® process gave a better sur- 
face finish with no defects. (c) To 
prevent mold deflection and loss of 
dimensional accuracy from weight of 
metal, shell molds were backed up with 
a special sand (Fig. 2) which hardens 
immediately when gassed with carbon 
dioxide. 


Since making the change to shell molds and cores, and with the use of the 
CO, process, accuracy and finish are excellent. In overcoming core and 
mold shifting by the use of advanced know-how methods, off-symmetry 
pieces were eliminated and costs cut for Pratt &.Whitney. 


Cooper Alloy, a specialist in stainless steel for 35 years, is still a pioneer 
in the development and application of new techniques for handling this 
tricky metal. Next time you have a tough casting problem, think of Cooper 
Alloy. Send for your copy of our folder ‘Advanced Casting Know-How”’ today. 


cooper @ aALtoy 


Corporation « 


Hillside, New Jersey 


FOUNDRY PRODUCTS DIVISION 
THIRTY-FIVE YEARS OF STAINLESS STEEL PIONEERING 


For more information, turn to Reader Service Card, Circle No. 500 
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STRAITS 


TIN 
REPORT ~~ 


New developments in 
the production, mar- 
keting and uses of tin 
BUREAU 


Malaya’s 780 active mines produced 
2,295 long tons of tin-in-concentrates 
in 1956, the most since 1941. Output is 


continuing at a high level in 1957. 
* * * 
Straits tin is shipped from Malaya to 


the United States by three routes other | 


than via Suez; so the closing of the canal 
has resulted in only slight delay in 


transit to Atlantic and Gulf ports, none | 


to Pacific ports. 
* * * 


Straits, the world’s best-known and most 


widely used grade of tin, is used in | 


producing the tin plate for 9 out of 


every 10 tin cans made in the United | 


States. 

* * * 
A new process for coating steel strip 
with tin was recently developed by the 
British Iron & Steel Research Associa- 


tion. Instead of being dipped in molten | 
tin, the strip is passed between two rolls | 
which convey tin from molten baths to | 


both sides of the steel. 
* * * 


All of the millions of motor vehicles 
manufactured in the United States in 
1956 contain tin—about 8000 long tons. 
New high-tin solders with unusually long 
life at temperatures as great as 223°F. 
have been developed for use in automo- 
bile radiators having operating pressures 
up to 16 psi. 
* * * 


A newly discovered alloy of zirconium, 
tin (4%) and molybdenum (1.6%) has 
four times the creep strength of pure 
zirconium at 930°F. This alloy can be 
readily rolled at 1470°F., and can be 
heat-treated to a strength of 140,000 psi. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses, and applications. 


The Malayan Tin Bureau 
Dept. 24C, 1028 Connecticut Ave., Washington 6, D.C. 


For more information, Circle No. 509 





Award, a plaque and cash honora- 
rium of at least $500, is for: 1) tech- 
nical achievement—significant scien- 
tific contributions of a metallurgical 
or engineering nature relating to the 
die casting process; 2) advancements 
in plant operations, management or 
administrative operational phases of 
the industry; 3) other activities re- 
sulting in the enhancement of the 
reputation and acceptability of die 
castings. In each class the achieve- 
ment must be generally applicable 
to the industry. 


Society of the Plastics Industry. Re- 
inforced Plastics Div., has formed a 
new committee for development of 
faster, more accurate military speci- 
fications for reinforced plastics. 


Institute of Environmental Engi- 
neers, a newly incorporated engineer- 
ing society devoted to environmental 
science, simulation and testing, has 
announced the following officers: 
president, Charles E. Earl, Alpha 
Electric Refrig. Co.; executive vice 
president, E. S. Brown, Standard 
Cabinet Co.; executive committee: 
James Scibetta, Bowser Technical 
Refrigeration; Jack Shamroth, Amer- 
ican Research Corp.; Saul Schiffman, 
Tenney Engineering, Inc. The insti- 
tute publishes a quarterly magazine 
in conjunction with the Environmen- 
tal Equipment Institute. 


American Society for Metals, Penn 
State Chapter, will present its David 
Ford McFarland Award for Achieve- 
ment in Metallurgy to Elwood D. 
Mairs, works manager, Alcoa extru- 
sion and tubing plant at Penn State 
University on April 26. 


Federation of Paint & Varnish Pro- 
duction Clubs has announced plans 
for the formation of a Paint Re- 
search Institute to conduct broad re- 
search and foster technical education 
for the benefit of the entire decora- 
tive and protective coatings industry. 
Members of the long range planning 
committee are: Newell P. Beckwith, 
Rinshed-Mason Co.; Hiram P. Ball, 
Ball Chemical Co.; Milton A. Glaser, 
Midland Industrial Finishes Co.; C. 
Homer Flynn, executive secretary of 
the Federation; Calvin J. Overmyer, 
Elliott Paint and Varnish Co. 

(news of Meetings on p 268) 
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YOUR BEST 


BAA! 


+ « « @ by-word with PARAMOUNT 


Large castings, small castings, varied 
shapes and sizes... thin walls, combining 
strength and rigidity . . . close tolerances 
that eliminate machining — are every day 
routine at PARAMOUNT. 

Our designers, sales engineers, plus 
modern tooling and production facilities 
are available for your complete die casting 
requirements. 


WRITE FOR FREE 
DESCRIPTIVE BROCHURE 


DIE CASTING COMPANY 
ST. JOSEPH 26, MICHIGAN 


For more information, Circle No. 506 
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uper-Pressure Tubing—Economical and Dependable 
for pressures as high as 100,000 PSI 


Avoid costly machining and drilling — 





Superior can supply the tubing you need! 


Here’s how you can take the high cost out of 
high-pressure installations. No more machining 
and deep-drilling of stainless steel bar—that’s 
old fashioned and expensive. For high-pressure 
autoclaves and in research labs where pilot 
equipment for hydrogenation and polymeriza- 
tion processes require high pressures, Superior 
super-pressure tubing is cutting high costs, help- 
ing avoid critical failures and downtime. 


Superior super-pressure tubing offers long ser- 
vice life, high fatigue strength, excellent corro- 
sion and chemical resistance. Available in single 
wall or composite wall (shown above), it is de- 
signed to carry internal pressures ranging from 
15,000 to 100,000 psi, in OD sizes ranging from 
125 in. to .750 in. Primary advantages of single 
wall tubing are economy and reliable service, 


S27 


All analyses .010” to %'’ OD—certain analyses in light walls up to 2\%'' OD 


plus long life, at recommended maximum work- 
ing pressure for a given size. Composite wall 
tubing, used for extra-high pressures, offers the 
advantages of combining different materials. 
For example, the inner wall can be highly corro- 
sion resistant, while the outer wall, not exposed 
to such corrosion, can be of a more economical 
material. Analyses for Superior super-pressure 
tubing include stainless steel Types 304, 316, 
321 and 347 and AISI 4130 alloy steel. 


Why not call on our long practical experience 
with super-pressure tubing. We can help you 
with virtually any tubing problem that con- 
fronts you. For more super-pressure tubing 
information, get your free copy of Data Memo 
22. Write Superior Tube Company, 2006 
Germantown Avenue, Norristown, Pa. 


CLVOl” 





The big name in small tubing 


NORRISTOWN, PA. 





TUBEXPERIENCE IN ACTION 
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Unretouched 


photomicrograph 
shows etched section of Type 304 
stainless steel super-pressure tubing 
at a magnification of 50x. Note 
smooth, uniform ID and fine grain 
structure. 





West Coast: Pacific Tube Company ¢ 5710 Smithway St., Los Angeles 22, Calif. e RAymond 3-133] 


For more information, turn to Reader Service Card, Circle No. 586 
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Clean, uniform, exact heat 
to match the size 
and shape of your 
production equipment 


CHROMALOX 


Electric Strip Heaters 


Quickly and easily bolt or clamp 
Chromalox Electric Strip Heaters 
to your platens, dies, kettles, tanks, 
pipes, ovens, air ducts, for the 
many advantages obtained only 
with electric heat. 





Lengths 4” to 96” Widths 4%” to 24%" 
Cross-section curving or lengthwise bending. 
Ring Diameters 244” to 11” 

115, 208, 230, 480 Volts 35 to 5,000 Watts 
Sheath Materials: rust resisting iron, high 
temperature chrome steel, Monel 

Choice of convenient terminal placements. 


FREE BULLETIN 


Call your Chromalox Represent- 
ative . . . or write today for 
Bulletin F1566. 














Edwin L. Wiegand Company 


7523 Thomas Boulevard, Pittsburgh 8, Pa. 


c-2105 


OMA, 
ot =, 





For more information, Circle No. 543 
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Meetings 








AMERICAN SOCIETY OF TOOL ENGI- 
NEERS, technical meeting and con- 
vention. Houston. Mar 25-27. 

AMERICAN SOCIETY FOR METALS. 
Western Metals Congress and Ex- 
position. Los Angeles. Mar 25-29. 

SoOcIETY OF AUTOMOTIVE ENGINEERS, 
aeronautic production forum and 
aircraft engineering display. New 
York. Apr 2-5. 

NATIONAL SCREW MACHINE PRODUCTS 
ASSN., annual meeting. Washing- 
ton, D. C. Apr 7-10. 

AMERICAN WELDING SOCIETY, na- 
tional spring technical meeting 
and annual convention. Philadel- 
phia. Apr 8-12. 

AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, spring meeting. Birm- 
ingham, Ala. Apr 8-10. 

MALLEABLE FOUNDERS’ SOCIETY, mar- 
ket development conference. Chi- 
cago. Apr 10-11. 

NATIONAL NUCLEAR INSTRUMENTA- 
TION CONFERENCE, third South- 
eastern exhibit. Atlanta, Ga. Apr 
10-12. 

PACIFIC NORTHWEST REGIONAL CON- 
FERENCE. Portland, Ore. Apr 11-13. 

AMERICAN INSTITUTE OF MINING, 
METALLURGICAL & PETROLEUM EN- 
GINEERS. Conference on high tem- 
perature materials. Cleveland. Apr 
16-17. 

INSTITUTE OF RADIO ENGINEERS, 
Southwestern conference and elec- 
tronics show. Houston. Apr 11-13. 

AMERICAN FOUNDRYMEN’S SOCIETY, 
East Coast regional conference. 
Philadelphia. Apr 12-13. 

UNITED STATES WORLD TRADE FAIR. 
New York. Apr 14-27. 

AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, nuclear energy sympo- 
sium. Chicago. Apr 16-18. 

AMERICAN ZINC INSTITUTE, annual 
meeting. Chicago. Apr 24-26. 

INSTITUTE OF ENVIRONMENTAL ENGI- 
NEERS, annual technical meeting. 
Chicago. Apr 25-26. 

METAL POWDER ASSN., annual meet- 
ing and metal powder show. Chi- 
cago. Apr 30, May 1. 


AMERICAN FOUNDRYMEN’S SOCIETY, 
annual convention. Cincinnati. 
May 6-10. 


Copper & BRASS RESEARCH ASSN., 
annual meeting. Hot Springs, Va. 
May 12-15. 

ELECTROCHEMICAL SocrIETy, INC., 
spring meeting. Washington, D. C. 
May 12-16. 
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THE CRAYONS 
THAT TELL 


TEMPERATURES 





IT’S THIS SIMPLE 


@ Select appropriate 
TEMPILSTIK® for the 
working temperature 
you want. 


® Mark your workpiece 
with if. 

@ The TEMPILSTIK® mark 
melts as soon as its 
temperature rating has 

H been reached. 
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Accuracy 
within 1% of 
rated melting eo” 
point. EX 
Also available as h 
TEMPILAQ® (liq- me 
vid form) and box 
TEMPIL® PELLETS ora 
63 different tem- the 
perature ratings BT 
available cor 
am 
S 
For information and samples, wa 
send coupon COO 
Tempil CORPORATION | im ° 
134 West 22nd St., New York 11,N.Y. | con 
Send information on: | and 
[-] TEMPILSTIK® [] TEMPILAQ®? has 
[_] TEMPIL® PELLETS 
[] Send booklet ‘‘How Temperatures | 
are Measured" | 
(-] Send sample pellets for oF | 
temperature N | | 
Name | 
Address = | 
City = 
State <2 I 
=seeanrweere«ea= ewenm aw «= 


Visit us at Booth 629—April 9-11 
Welding Show—Philadelphia, Pa. — 


For more information, Circle No. 446 


WITHOUT 
COST FOR | 
COOLING | 

WATER 
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ACCURATE TEMPERATURE 
CONTROL of Hydraulic Liquids 
PREVENTS LOSSES 


@ This NIAGARA AERO HEAT 
EXCHANGER cools the liquid-for 
a large hydraulic press, preventing 
heat damage to the pump stuffing 
boxes. Using outdoor air as the evap- 
orative cooling medium, it removes 
the heat at the rate of input (1,875,000 
BTU/hr.) with no cooling water 
consumption except a negligible 
amount evaporated. 

Similar Niagara machines cool 
water, oils, solutions, lubricants and 
coolants for many mechanical, elec- 
trical and chemical processes. In a 
closed system, your coolant is never 
contaminated. The system is simple 
and easy to keep up; the equipment 
has a long, useful life. 


Write for Bulletin 120 
for a complete description 


NIAGARA BLOWER COMPANY 
Dept. MM-3, 405 Lexington Ave. 
NEW YORK 17, N.Y. 


District Engineers in Principal Cities 
of United States and Canada 


ee 





For more information, Circle No. 479 





Books 


Elements of Engineering Mate- 
rials. C. P. Bacha, J. L. Schwalje 
and A. J. Del Mastro. Harper & 
Bros., New York 16, N. Y. 1957. 
Cloth, 6% ly 9% in., 494 pp. Price 
$6.50. 

This book discusses the elements 
and applications of engineering ma- 
terials and gives the latest practices 
available in each field. Only ele- 
mentary information is given since 
the book is intended as an introduc- 
tory text on engineering materials. 
However, lists of suggested references 
for further study have been included 
in order to supplement the informa- 
tion given in each chapter. 

The book is broken down into four 
parts: 1) fundamental engineering 
materials, 2) ferrous and nonferrous 
materials, 3) protective coatings, 
and 4) nonmetallic materials. 


Symposium on Metallic Mate- 
rials for Service at Tempera- 
tures Above 1600 F. American 
Society for Testing Materials, Phila- 
delphia. 1956. Paper, 6 by 9 in., 
200 pp. Price $3.50. 

The papers given in this sympos- 
ium attempt to evaluate a number of 
metallic materials, including nickel, 
cobalt and molybdenum-base alloys, 
to determine their suitability for 
high temperature service. Some of 
the papers discuss the physical, 
chemical and mechanical properties 
of these materials and give methods 
of combating surface deterioration. 
Other papers seek to solve high tem- 
perature problems through the use 
of carbides, powder metallurgy tech- 
niques and ceramic coatings. 


Engineering Inspection, Meas- 
urement and Testing. H. C. Town 
and R. Colebourne. Philosophical 
Library, New York. 1956. Cloth, 6 
by 9 in., 192 pp. Price $8.75. 
Illustrated with numerous dia- 
grams and photographs, this book 
gives a brief history of length stand- 
ards in this country and explains the 
function of the inspection depart- 
ment in the modern factory. The 





OUR RESEARCH 
FACILITIES 


are available for 
YOUR USE 


General view of the research department showing several 
of the continsess and bateh type experimental furnaces. 


Let us help you develop new heat 
treating techniques or improve your 
present methods. Determine accurately— 
from actual test runs in our research and 
development laboratory—the exact com- 
bination of temperature, time cycle, at- 
mosphere and other factors for producing 
the exact results you want. Our complete 
facilities include continuous and batch 
furnaces, atmosphere generators, and all 
necessary testing equipment. Many com- 
panies use our facilities in developing 
new products. 


Write today for the booklet “Research 


Facilities”. It describes the equipment we 
can place at your disposal. 





EF Research Dopt. Includes bell and large continuous 
enits for testing and processing commercial widths of 
strip from standard colls. 







BULLETIN No. 461 


shows typical installations 
of EF Gas-fired, Oil-fired 
and Electric Furnaces 


Send for a copy today! 


THE ELECTRIC FURNACE CO. 
C Daler - Chio 


GAS-FIRED, ,OIL-FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 


Canadian Associates 





CANEFCO LIMITED © Toronto 1, Canada 


MARCH, 1957 












271 





ete 


BLACKENING | Die pds 
COPPER? | ee Mr. Auburn says: 


To get the finest black finish | | Sry mied by + Bob lon? 
i | { a 
on copper and all its alloys, | S vial Gaske an! 
including Duronze, Everdur, book also deals with the use of com- | 1M your 
P . . parators and other measuring and 
high zinc brass, beryllium ond | inspecting machines and discusses | 
silicon bronzes, take advan- such topics as: measurement of sur- 
? 


face finishes, screw thread measure- 
tage of the features of: ment, and measurement during ma- 
| chining and sizing. 





3 | Vacuum Deposition of Thin Gaskets 
| Films. L. Holland. John Wiley & Shims 
Sons, New York. 1956. Cloth, 6 by 9 . 
in., 465 pp. Price $10. . "—" Rings 
Although this book is concerned Bushings 
primarily with plant design and op- 
eration for producing vacuum de- » 4 | Packings 
posited thin films, attention is given Seals 
to the structure, physical properties 
and applications of these films. ; Insulation 


Components 
Materials and Processes’ in 
Manufacturing. By E. Paul De- 
garmo, Macmillan Co., New York 11, 
N. Y. 1957. Cloth, 64% by 9% in. 


BY 
755 pp. Price $8.50. a U re U o ee 
The subject matter in this book is 


concerned with materials in manu- 
facturing procedures. It explains For a quick and definitive 
how and why a given material is tuti iad d 
used for a certain manufacturing 6 ren: to design and pro- 
@ No acid pickle or bright application and why it reacts as it duction problems, call on Au- 


dip. | does when processed. burn’s 85 years of specialized 


The book, intended as a college ; ‘ ‘ ; 
level text for engineering students, Ceres SS Cageeereng Me 
is divided into five parts and covers: terials to specific sealing and 

or surface damage. 1) alloy steels and irons, nonferrous packing applications. Send us 

alloys and plastics, 2) powder metal- d ficati 
@ No acid drag-in. Assures lurgy and hot ne Rave working —— —" a dileemeecan 
_ , processes, 3) milling, boring, sawing — you get our recom- 

Fae cine el | and grinding, 4) forge, gas, arc and mendations and quotations 

throughout longer life— | resistance welding, and brazing and ' 

more economical. soldering, and 5) other processes promptly! 
and techniques related to manufac- 
turing, such as layout, jigs, fixtures Our extremely wide range of 


Write for full details. Du-Lite Cu- and tools. materials includes: 


Prep is made and guaranteed Leather © Asbestos © Teflon ® Silicone 
Rubber ® Neoprene Rubber ® Cork * 
exclusively by the metal finishing Fiber © Compositions ® Phenolics * Cloth 
Reports ® Paper ® Cardboard ® Plastics ® Brass 
® Steel © Copper ® Aluminum ©¢ Kel-F 
® Fibreglas ® Other Special Materials. 


@ No dimensional changes 


specialists: 





Zirconium alloys DEVELOPMENT 
OF ZIRCONIUM ALLOYS. ParT II. A. 


4 D. Schwope, L. L. Marsh and W. 
) Te a ste Chubb, Battelle Memorial Insti- 
tute. Nov 1955. 25 pp. Available 


from Office of Technical Services, 
METAL FINISHING SPECIALISTS Dept. of Commerce, Wash. 25, Ds. 


“eae AUBURN 
DU-LITE CHEMICAL CORP. Smal] additions of molybdenum, 
MIDDLETOWN, CONN. tantalum, tin, titanium and nitrogen MANUFACTURING COMP ANY 


Send more information on Du-Lite Cu-Prep.... O increase the high temperature tensile , 
Send information on metal finishing products... 0 strength of zirconium. 306-B Stack Street, Middletown, Conn. 
Have your representotive coll.....eeeeees Representatives: Atlanta, Ga. « Detroit Mich. « St. 


Louis, Mo. ¢ Los Angeles, Cal. « Minneapolis, Minn. * 
Thermal shock resistance THER- Washington, D.C. # New York, N.Y. « Cincinnati, 0.° 


MAL SHOCK INVESTIGATION. 7. A. Rochester, N. Y. © Pittsburgh, Pa. ¢ Fort Worth | ex. 
Hunter, L. L. Thomas and A. R. 
Bobrowsky, University of Michigan. 
Sept 1954. 106 pp. Available from 
Office of Technical Services, Dept. of 
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i Famous Name Manufacturers Dazzle the Market 
ae with Products Dressed in 


MIRRO-BRITE 


metallized and laminated 


MYLAR’ 
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Every day, new products by major manufacturers are added to the growing list of ‘‘best 
MH sellers” dressed in beautiful, versatile MIRRO-BRITE “MYLAR.” 
NY ‘“‘Mylar’s’”’ attractive eye-and-buy appeal effectively brightens the sales picture for such 
‘ a wide variety of products . . . refrigerators, stoves, radios, television sets; point-of-sale 
. st signs and three dimensional displays; automotive panels; women’s accessories and shoes 
- as well as other usages. Send for illustrated sampler, color chart and price list. 
7 ‘‘Mylar’’* is Dupont’s registered trade Cc 
mark for its brand of polyester film. OATING PRODUCTS 
101 WEST FOREST AVENUE, ENGLEWOOD, NEW JERSEY 
, £96 For more information, turn to Reader Service Card, Circle No. 366 
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GET THE FACTS ON 


LONG WEARING 
LOW FRICTION 


UNIQUE (OIL-FREE) 


SELF-LUBRIGATING 
Tyy it 


EXCELLENT DURABILITY - CONSTANT 
COEFFICIENT OF FRICTION - APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
—-450° to +700°F.) 

OPERATE DRY, OR AT HIGH SPEEDS 
SUBMERGED IN WATER, GASOLINE OR 
LIQUID GASES - NON-CONTAMINATING 
IN FOODSTUFFS + EXCELLENT FOR 
CURRENT-CARRYING BEARINGS 


GRAPHALLOY is widely used for self- 
lubricating piston rings, seal rings, 
thrust and friction washers, pump vanes. 
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rLittis 
BRUSHES © CONTACTS 


GRAPHALLOY has high-performance 
electrical properties: low electrical 
nelse, low and constant contact drop, 
high current density, minimum wear! 

Brush Holders and Assemblies, Coin Sil- 
ver Slip Rings and Assemblies available. 


USE OUR 40 YEARS OF DESIGN EXPERIENCE! 
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GRAPHITE METALLIZING CORPORATION 


1010 Nepperhan Ave. - YONKERS, NEW YORK 
Please send data on Graphalloy Oil-Free BUSHINGS. 
Send data on BRUSHES and CONTACTS. 
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Commerce, Wash. 25, D.C. $2.7 
(PB 121109) 

Results of a 3-yr study of the rela- 
tive resistance of 14 metals to ther- 
ma] shock when cooled from the tem- 
perature ranges of 1600 to 2000 F. 
Metals tested included Type 310 
stainless steel, Inconel, Battellalloy 
and Hastelloy. Battellalloy showed 
exceptional resistance to thermal 
shock when cooled from 2000 F. 


Aluminum-iron alloys THE Fasri- 
CATION AND PROPERTIES OF ALFENOL 
ALLOYS (AL-FE) CONTAINING 10 TO 
17% ALUMINUM. J. F. Nachman 
and W. J. Buehler, Naval Ordnance 
Lab. Dec 1955. 26 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Wash, 25, D.C. 
75¢ (PB 1115528) 

Magnetic data are given for lami- 
nated cores of Alfenol varying in 
aluminum content from 10 to 17%. 
The report describes improved 
methods of fabrication by melting 
and casting to obtain a fine equiaxed 
cast grain structure. The study in- 
dicates that these alloys are poten- 
tial substitutes for many current 
magnetic alloys containing strategic 
elements. 


Titanium properties TENSILE AND 
IMPACT PROPERTIES OF COMMERCIAL 
TITANIUM OVER THE TEMPERATURE 
RANGE OF 385 To 930 F. L. Sama, 
A. J. Opinsky and L. L. Seigle, Syl- 
vania Electric Products, Inc. Sept 
1954. 45 pp. Available from Office 
of Technical Services, Dept. of Com- 
merce, Wash. 25, D.C. $1.25 (PB 
121086) 

Tensile and impact properties are 
given for a titanium alloy tested 
under three conditions: as received, 
vacuum annealed at 1560 F for 24 
hr, and vacuum annealed at 1740 F 
for 24 hr. Tensile tests show that 
vacuum annealing and large grain 
size lower strength and ductility 
properties of titanium at high tem- 
peratures. 


Steel stress-strain EFFECT oF 
FATIGUE STRESS HISTORY ON ELAsS- 
TICITY PROPERTIES AND STRESS DIS- 
TRIBUTION UNDER ROTATING BENDING. 
L. C. Lidstrom and B. J. Lazan, 
Univ. of Minnesota. Aug 1956. 55 pp. 
Available from Office of Technical 
Services, Dept. of Commerce, Wash. 
25, D.C. $1.50 (PB 121523) 

A method used for calculating 
specific stress-strain relationships of 
mild steel is described. Data show 
the effect of fatigue stress amplitude 
on the stress-strain properties of 
mild steel under axial stress. Fatigue 
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LOCKFOAI 


_ poured-in-place 
; foamed plastic 


pea. ae 


LOCKFOAM is highly versatile 
...1s today meeting the needs of 
designers in a wide variety of 
important applications. It will pay 
you well to be sure you have 
considered all the possible ways 

it might save time and 

labor for you. 


LOCKFOAM comes in a broad 
range of densities, both rigid and 
flexible—each with great uniformity 
of cellular structure, and 

each perfectly reproducible. It 

is the easiest of materials 

to use since you pour the liquid 
foam right into any cavity, where 
it fills completely the particular 
configuration, then expands and sets. 
It can be poured either manually, 
or by machine. 


LOCKFOAM is used 

extensively to pot electronic 
equipment, for thermal 

insulation, to dampen vibrations, to 
reinforce control surfaces, as a 
core material in panelling. 


Further, since Nopco’s 
technical staff pioneered in 
these applications and 

dozens more, they have a wealth 
of experience which can be 
invaluable to you. Make sure 
you know all that LOCKFOAM 
has to offer you. Write today 
for free booklet. 

Nopco Chemical Company, 
Harrison, N. J. 


PLASTICS DIVISION 
HARRISON, NEW JERSEY 
Los Angeles, Calif. 


For more information, Circle No. 594 




















CYMEL* IN ELECTROSURGERY 


High-frequency current flows between two sharp electrode tips in the 
789 Bi-Active Coagulation Set used by physicians for removal of 
d cervical cysts, tonsils and surface growths. The Birtcher Corp. of 
Los Angeles encases the electrodes in mineral-filled CymMeEL Melamine 




































mead Molding Compound because of its excellent insulating properties 
and smooth flow into the mold which simplifies accurate spacing of 
the tips. Handles and cord tips are molded of alpha-cellulose-filled 
CyMEL, also an excellent insulator. All surfaces are exceptionally 
hard, chip resistant and can be sterilized easily. "Trademark 
re 
: 
d sets. 
ly, 
is, to 
.* x te sige “4 © ee : 
ig a ee I OO 
These attractive panels are made of wood particles 
h bonded with MELURAC® Melamine-urea Resin. This low- 
cost particle board has good warp resistance, flexural 
strength, moisture resistance and easy working and 
A MODERN TOUCH IN WIRING DEVICES finishing properties. In addition to structural uses— 
Home styling today favors light, cheerful colors. This note is carried walls, sliding doors, partitions, ceilings, subflooring, 
out perfectly with wiring devices molded of ivory-colored BEETLE® parquet flooring—it is ideal for furniture core and under- 
Urea Molding Compound. Its hard, smooth surface resists discolora- layment of decorative melamine laminates. MELURAC 
tion and scratching, and safe dependable service is insured by BEETLE’s 304, developed expressly for this use, imparts no color 
excellent insulating properties. and improves strength of the particle board. 
AMERICAN CYANAMID COMPANY 
ei PLASTICS AND RESINS DIVISION — CYANAMID 
30 Rockefeller Plaza, New York 20, N. Y. 
In. Canada: North American Cyanamid Limited, Toronto and Montreal 
Offices in: Boston - Charlotte - Chicago - Cincinnati - Cleveland - Dallas - Detroit . 
Los Angeles - New York + Oakland - Philadelphia - St. Louis - Seattle MATERIALS F 
4 For more information, turn to Reader Service Card, Circle No. 502 
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REDUCE 
UU RUS BS 


IMPROVE 
YOUR 
PRODUCT! 


Proper design, as a forging, 
has reduced the cost of this 
part. The teeth are used 
“as forged” requiring no 
machining. Grain flow in 
this forging has improved 
its strength and toughness. 
Refined grain structure al- 
lows this part to respond 
uniformly to heat treating 
for greater physical 
properties or better 
machinability. 
Cleveland Hardware 
and Forging Company’s 
engineering, forging, ma- 
chining and heat treating 
facilities assure quality at 
minimum cost. 
s 
Cleveland Hardware and Forging 
Company offers an opportunity for 
cost reduction through the use of 
stock forgings. Request catalogs 


19-A — Automotive, 25-B — Truck 
and 50 — Eyebolts. 


The 
CLEVELAND HARDWARE 
& FORGING COMPANY 


3270 EAST 79th STREET 
CLEVELAND 4, OHIO 


For more information, Circle No. 585 
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data on solid and hollow rotating 
beams under axial stress show poor 
agreement when compared on the 
basis of nominal stress; when com- 
pared on the basis of specific or 
true stress, agreement is good. 


Specifying reinforced plastics 
DEFECTS OF IMPORTANCE IN THE 
SPECIFICATION OF REINFORCED PLAS- 
Tics Propucts. F.. R. Barnet, Naval 
Ordnance Lab. Mar 1953. 54 pp., 
illus. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Wash. 25, D.C. $1.50 (PB 121277 
This report deals with government 
specifications for polyester type 
resins and polyester-glass laminated 
plastics. Minimum and maximum 
properties are listed for use in pur- 
chasing these plastics. Also dis- 
cusses visual characteristics and the 
various flaws found in glass rein- 
forced plastics. Appendices list types 
of defects and allowable flaws found 
under typical service conditions. 


Welding cast iron TENTATIVE 
SPECIFICATION FOR WELDING RoDs 
AND COVERED ELECTRODES FOR WELD- 
ING CAST IRON. Available from 
American Welding Society, 33 W. 
89th St., New York 18, N. Y. 40¢ 
(AWS Designation: A 5.15-56T) 
Tentative specifications cover filler 
metals for welding cast iron, malle- 
able iron and some alloy cast irons. 
Sixteen classifications of filler metal 
are covered, including cast iron, 
copper-base, nickel-base and mild 
steel electrodes for shielded metal 
are welding. An appendix is included. 


Transistors RESEARCH AND DEVEL- 
OPMENT STUDY OF GOLD BONDED 
TRANSISTORS. P. Toong and R. Yee, 
Transistor Products, Inc. Aug 1954. 
44 pp. Available from Office of 
Technical Services, Dept. of Com- 
merce, Wash. 25, D.C. $1 (PB 111669) 

Transistors were produced by elec- 
trically bonding gallium-doped gold 
wire to a thin germanium crystal. 
The transistors showed promise for 
numerous amplifying and switching 
applications. 


Rot resistant fabrics EVALUATION 
OF RoT RESISTANT TREATMENTS FOR 
ELASTOMER-COATED Fapsrics. J. M. 
Ashcroft, U.S. Army Corps of Engi- 
neers. July 1955. 51 pp., illus. Avail- 
able from Office of Technical Ser- 
vices, Dept. of Commerce, Wash. 25, 

C. $1.25 (PB 121420) 

Evaluates commercially available 
rot resistant treatments applied to 
cotton fabrics coated with elastomers. 
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Portrays the Entire 
Scope of Modern Chemistry 


The 
ENCYCLOPEDIA 
of CHEMISTRY 


The most extensive col! 
tion of articles ever pub- 
lished in a single volume, 
for layman and expert, 
which portrays the entir 
scope of modern chemis. 
try. Edited by George |. 
Clark and Gessner G. Haw- 
ley; written from A to 2 
Th, by over 500 outstanding 
i contributors; over 1,000 
pages; lar e7”x 10" size; 


ENCYCLOPEDIA 
handsomely Soane. 


‘ mee ‘ 
. 


e ‘ 
. «! 
ae 


This monumental volume 
brings a valuable fingertip 
reference work on the 
highest level within your 
reach. It is the first com- 
plete, multi-author, one- 
volume encyclopedia cen- 
tered around the subject 
of chemistry and including 
over 20 different sciences 
that border on chemistry. 


Between ‘‘Abrasives’’ and ‘‘Zirconium’’ are 1,000 
pages of remarkably condensed, authoritative and 
clearly presented information designed for the needs 
of chemists, engineers and scientific workers in all 
fields. The articles are written by nearly 500 outstand- 
ing authorities. 


A wealth of information is contained here for those 
who seek to understand current scientific events by 
referring to such topics as atomic power, automatic 
control, electron tubes, radioactivity, new elements, 
plastics, antibiotics, amino acids, allergy, air pollu- 
tion, safety, packaging, and hundreds of similar topics. 
All branches of chemistry—pure and applied, chemical 
engineering, and pertinent related fields—are covered 
carefully and completely. Every industry which manu- 
factures any type of material or product will benefit 
from this all-inclusive work covering such subjects as 
acids, additives, aerosols, anti-freeze agents, asbestos, 
asphalt, metals, cement, dyes, fertilizers, pesticides, 
oils, fats, and waxes, fuels, petrochemicals, trade- 
marks and countless others. 


Highest Editorial Standards 


Through the editors’ determined efforts, a complete, 
concise, integrated and authoritative coverage of a 
vast subject has been attained. In almost every case, 
the author of each article is not only an internationally 
recognized authority but also a capable writer. The 
Encyclopedia excels from the point of view of effective 
communication as well as technical accuracy. Don't 
miss this unified aid to chemistry. 


reinhold 


Mail this Coupon for Free Examination 
oh A A TRA AMY GER DA) RS MO mse 


REINHOLD PUBLISHING CORPORATION 
Dept. M-125, 430 Park Ave., New York 22, N. Y. 


(] Please send me a copy of The ENCYCLOPEDIA of 


| CHEMISTRY for Free Examination. After 10 days, | wil! 


send you $19.50 plus shipping costs or | will return 
the book and owe nothing. 


CITY & ZONE 
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by H. R. Clauser, Editor 


What’s in the Name 

For a long time we have questioned the wisdom 
of referring to MATERIALS & METHODS as M&M. 
Well, we now have the answer. In a recent sur- 
vey, 160 people were asked what they thought of 
first when they saw the letters M&M. Much to 
our disappointment, about 60 of them were re- 
minded of M&M candies and only 21 thought of 
us. Two fellows immediately thought of Marilyn 
Monroe. Another fellow thought of Mounds (i.e. 
when he saw M&M). 


We Told You So 

In January we published an editorial (“One 
Point of View”) which among other things took 
issue with the prevailing and popular view that 
the number of students studying engineering 
was dangerously low and that prospects for the 


* MATERIALS & METHODS 


future were not bright. We now have sx 
figures on 1956 college enrollments that su; 
our stand. The College and University Bulletj 
reports that the number of students enroll 
engineering courses increased about 14% 
1955 against an increase of only 8% for al 


lege courses. 


No Brickbats Yet 

It was with some trepidation that we began 
in January to publish a page that for the first 
time anywhere lists current price levels of 4] 
important engineering materials (in this issue, 
page 228). Many of the people we consulted said 
it couldn’t be done. Others warned us that both 
producers and users of materials would jump on 
us for any one of a number of reasons. But go 
far there have been no serious complaints. 

The apparent success of this attempt to give 
engineers some idea of the current prices of al] 
the materials they have to use is in large meas- 
ure due to‘the extensive help we have received 
from a great many organizations. We appreciate 
all the help and we know that the many engi- 
neers and designers who have been asking for 
such information will appreciate it too. 

In this issue we are adding what we think is 
another first to the prices page. We are listing 
the current cost of organic coatings, and the 
figures are given not in cost per gallen, as is 
usually done, but in a more useful form—cost 


per square foot per mil of dry film thickness, 
There will be other additions as well as refine- 
ments to this new materials price department in 


the months ahead. If you have any suggestiens 
for improvement please let us know about them. 


You Too Can Be a Mad Bomber 

There is no telling what the do-it-yourself 
fad will lead to next. Just the other day I learned 
from the Association of Casualty & Surety Com- 
panies that there is such a thing as a do-it-your- 
self explosive. According to them, it is a rela- 
tively simple matter to mix carbon black and 
fertilizer-grade ammonium nitrate and get an 
effective and low cost explosive. Apparently an 
increasing number of people are mixing their 
own explosives in just this way, and are using 
them in place of such conventional explosives as 
dynamite or black powder for blasting. 


How to Get a Seat in the Subway 

Come to think of it, the “mad bomber” of 
New York was a do-it-yourselfer. He made pipe 
bombs in his garage. In a way I was almost 
sorry to see them catch him, because as long 43 
he was at large, I had no trouble getting a seat 
on the subway. But now when I force my way 
into a crowded subway car, the people no longer 
scatter at the sight of the brown paper package 
tucked under my arm. 





